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MEETINGS 


CAXADIAX    MIXIXG    IXSTITI'TE 

Proceedings  of  the  Fifteenth  Annual  Meeting,  Ottawa, 
March  5th,  Gth  and  7th,  1913. 


The  Fifteenth  Annual  General  Meeting  of  the  Institute  was 
held  at  the  Chateau  Laurier,  Ottawa,  on  Wednesday,  Thursday 
and  Friday,  March  5th,  6th  and  7th,  1913.  One  hundred  and 
seventy  members  and  others  signed  the  register  of  attendance. 

The  proceedings,  on  Wednesday  morning,  were  opened 
with  an  address  by  Field  Marshal,  H.  R.  H.  the  Duke  of 
Connaught,  Governor  General  of  Canada,  who  spoke  as  follows: 

"While  I  must  confess  to  a  very  limited  knowledge  of  the 
technical  aspects  of  mining,  I  fully  recognize  the  vast  importance 
your  deliberations  can  be  to  Canada.  Until  but  recently  we 
have  had  a  most  vague  conception  of  the  mineral  potentialities 
of  the  Dominion,  and  to  your  Institute  belongs  the  credit  of 
directing  attention  to  the  great  opportunities  Canada  affords  to 
those  who  would  undertake  development  in  this  direction,  while 
at  the  same  time  you  aim  to  promote  the  welfare  of  existing 
industry.  Great  progress  has  been  made  in  scientific  knowledge 
in  recent  years,  and  associations  such  as  yours  have  done  much 
to  make  science  the  hand-maiden  of  industry.  In  other  direc- 
tions you  have  done  excellent  work.  I  refer  particularly  to 
your  good  offices  in  assisting  both  the  Federal  and  Provincial 
governments  in  the  framing  of  legislation  appertaining  to 
mining.  That  I  realize  the  value  and  utility  of  }-our  efforts  is,  I 
hope,  indicated  by  my  presence  here  to-day. 

"You  hold  great  power  for  the  benefit  of  your  country;  and  I 
trust  this  power  will  be  exercised  with  increasing  strength  to 
the  lasting  advantage  of  the  people  of  Canada.  May  I  again 
express  to  you  my  heart-felt  sympathy  and  my  best  wishes  for  the 
continued  success  of  the  Canadian  Mining  Institute." 
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The  President,  Dr.  Alfred  E.  Barlow,  after  expressing  the 
Institute's  acknowledgements  to  His  Royal  Highness,  delivered 
his  annual  address.     He  said : 

Presidential  Address. 

"Before  commenting  on  the  main  theme  upon  which  I  propose 
to  address  you  on  this  occasion,  it  is  fitting  that  I  should  make 
some  reference  to  the  work  of  the  Canadian  Mining  Institute 
during  the  past  year.  To  occupy  the  office  of  President  of  an 
association  such  as  ours,  is,  indeed,  a  high  honour,  but  it  also 
represents  a  heavy  responsibility.  I  have  been  particularly  for- 
tunate during  my  tenure  of  office  in  receiving  the  loyal  and  en- 
thusiastic support  of  the  members,  and  it  is  most  gratifying  to  be 
in  a  position  to  state  that  the  Institute  to-day  is  in  a  better  and 
more  flourishing  condition  than  at  any  time  in  its  history.  If  in 
the  past  there  have  been  from  time  to  time  factional  differences, 
these  have  now  disappeared  and  in  their  place  we  have  harmony 
and  good  will.  Occasionally,  however,  a  complaint  is  heard, 
emanating  usually  from  younger  members  of  the  society,  that  the 
Council  is  not  sufficiently  liberal  in  its  support  of  the  local 
branches  or  sections.  The  majority  of  those  present  to-day  will 
doubtless  remember  that  financial  assistance  to  branches  was 
a  question  thoroughly  discussed  at  the  annual  meeting  held  in 
Montreal  four  years  ago  (1909).  At  that  meeting  it  was  definitely 
decided  that  it  would  be  unwise  to  adopt  a  policy  that  would 
cripple  the  parent  association,  and  might  well  lead  to  its  bank- 
ruptcy. The  present  sound  financial  position  of  the  Institute  is 
due  to  the  conservative  policy  that  the  Council  has  persistently 
followed.  The  enviable  position  which  the  Institute  occupies 
is  largely  due,  therefore,  to  the  unselfish  interest  and  willing 
devotion  of  its  officers  and  individual  members.  As  a  matter 
of  fact,  the  members  whose  admission  to  the  Institute  is  recent, 
that  is  to  say  within  the  last  four  or  fi\'e  years,  get  a  great  deal 
more  by  way  of  return  for  their  annual  sul^scriptions  than  did 
their  seniors  in  point  of  membership.  The  Canadian  Mining 
Institute  at  the  present  time  gives  in  actual  monetary  equivalent 
at  least  as  good  a  return  to  its  members  as  docs  any  similar  society 
in  the  world,  while  in  comparison  with  many  this  consideration 
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is  much  greater.  Only  recently  I  had  occasion  to  refer  to  some 
of  the  earlier  volumes  of  the  Journal  embodying  the  transactions 
of  the  society,  and  any  member  who  will  do  the  same  and  will 
compare  these  earlier  publications  with  the  annual  volumes  now 
issuing,  will  be  as  agreeably  impressed  as  I  was  with  the  extra- 
ordinary difTerence  from  every  point  of  \icw.  The  first  volume 
of  the  transactions  published  in  1898  contains  66  pages,  inclusive 
of  the  papers,  reports  of  the  general  and  other  meetings, 
constitution  and  by-laws,  and  list  of  members.  The  next  three 
volumes  never  exceeded  350  pages  and  were  similarly  inclusive 
of  all  the  activities  of  the  society.  Many  of  i!ie  papers  then  sub- 
mitted and  published  would  unquestionably  he  rejected  by  our 
present  Publication  Committee.  Errors  of  statement  as  well  as 
those  of  typography  are  noticeably  frequent.  In  short,  these 
earlier  volumes,  both  as  regards  subject  matter  and  manner  of 
treatment  are  far  from  comparable  with  the  journals  of  the 
proceedings  of  the  last  few  years,  comprising  as  the>-  do,  \olumes 
of  700  pages  and  upward  of  well  written,  carefully  edited  and 
adequately  printed  theses  of  a  very  high  average  quality. 

"With  further  reference  to  branches,  it  may  be  affirmed  that 
the  Council  appreciates  the  benefit  accruing  to  the  Institute  as  a 
whole  from  their  establishment,  and,  if  conditions  permitted, 
would  gladly  contribute  to  their  support.  But  as  this  is  not  at 
present  possible,  it  is  necessary  that  the  officers  of  the  respective 
branches  should  encourage  among  their  members  that  same  spirit 
of  unselfishness  which  has  e\er  characterized  the  Institute.  If 
such  an  attitude  be  maintained  and  strengthened,  the  sphere  of 
influence  of  the  Institute  will  indeed  be  extended. 

"As  has  been  well  said  by  a  former  president,  the  Canadian 
Mining  Institute  represents  an  industry,  not  a  profession.  With 
this  fact  before  us,  and  remembering  the  necessarily  more  open 
membership  qualification,  there  is  evidently  necessary  a  much 
greater  degree  of  that  esprit  de  corps  which  contributes  so  largely 
to  the  success  even  of  those  exclusi\e  professional  associations. 
Apropos  of  the  increase  of  membership  it  is  gratifying  to  note  that 
last  year  constituted  a  record,  the  accessions  representing  no  less 
than  197.  The  total  membership  at  the  end  of  Februar)-  (1913) 
was  1,052,  classified  as  follows: 
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Patrons 5 

Honorary  Members 3 

Corresponding  Members 16 

Ex-Officio 31 

Members 754 

Associates 123 

Life  Members 8 

Student  Members 112 

Total  1,052 

To  the  Past-Presidents  and  Council  of  the  Institute,  I 
desire  to  express  my  hearty  appreciation  and  thanks  for  their 
earnest  co-operation  and  unity  of  purpose,  without  which  the 
present  eminently  satisfactory  condition  in  the  affairs  of  the 
Institute  would  have  been  impossil)le. 

The  National  Importance  of  Mining. 

"The  subject  of  my  Presidential  address,  a  subject  of  great 
interest,  no  doubt,  to  all  members  of  the  Canadian  Mining  Insti- 
tute as  well  as  to  the  general  public,  is  'The  National  Importance 
of  Mining. '  The  title  is  by  no  means  new  or  original,  for  under 
this  same  caption  in  1902  one  of  our  Past-Presidents,  Mr.  John 
E.  Hardman,  presented  a  paper  which,  as  he  explained,  he  chose, 
rather  than  the  more  specific  title  of  'Government  Aid  to  Min- 
ing,' for  the  reason  that  he  wished  to  emphasize  the  duty  of  the 
nation  rather  than  the  duty  of  the  pro\'inces  to  encourage  an 
industry  which  has  grown  to  be  of  such  great  importance  to  the 
Dominion.  Mr.  Hardman,  assuming  'that  the  national  im- 
portance to  which  the  industry  of  mining  has  attained,  is  axio- 
matic, proceeds  to  discuss,  how  the  Federal  Government  can  best 
assist  and  promote  such  an  industry,  not  only  to  greater  dimen- 
sions, but  also  to  greater  perfection,  while  still  preserving  and 
maintaining  fidelity  to  that  branch  of  the  British  North  America 
Act  by  which  the  control  and  administration  of  minerals  found 
within  the  borders  of  any  particular  province  was  vested  in  that 
province.'  This  paper  and  the  discussion  following,  which 
was  shared   by  many  mining  men  of  prominence  in  Canada, 
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afforded  much  necessary  information  and  opinion  on  this  even 
now  timely  subject.  Our  Secretary,  Mr.  H.  Mortimer-Lamb, 
at  this  meeting,  taking  as  his  text,  'State  Aid  to  Mining  in  Aus- 
tralasia, '  will  present  some  analogies  and  conclusions  as  to 
governmental  assistance  to  the  mining  industry. 

"In  this  address,  however,  I  do  not  propose  to  consider  this 
aspect  of  the  question,  but  simply  to  present  some  facts  and  in- 
ferences regarding  the  growth  and  relative  importance  of  mining 
in  Canada,  especially  in  comparison  with  other  industries  that 
depend  directly  on  the  exploration  and  utilization  of  our  natural 
resources.  Minerals,  in  the  widest  acceptation  of  the  term,  are  the 
basis  of  the  business  of  mining.  They  arc  used  either  directly 
or  indirectly  in  every  branch  of  industry,  so  that  it  may  fairly  be 
said  that  the  measure  of  a  nation's  civilization  and  progress  is 
directly  proportionate  to  the  development  of  its  mineral  resources, 
especially  those  of  coal  and  iron.  Cities,  towns  and  even  \illages, 
often  have  their  location  determined  by  the  presence  of  some 
mineral  of  economic  importance;  while  others,  again,  owe  much 
of  their  importance  to  such  proximity.  The  great  centres  of 
industrial  activity  are  directly  dependent  for  their  growth  on  an 
adequate  supply  of  the  raw  minerals  or  mineral  products.  The 
might  and  power  of  England,  as  well  as  the  extension  of  the 
PZmpire  of  Greater  Britain  to  all  parts  of  the  habitable  globe,  are 
primarily  traceable  to  the  occurrence  in  England  and  Scot- 
land of  mineral  resources  that  are  unique  for  their  abundance 
and  variety.  The  rise  to  eminence  and  wealth  of  the  United 
States  of  America  has  accompanied  the  development  and  utiliza- 
tion of  the  mineral  resources.  In  addition,  each  individual  state 
included  in  the  republic  owes  much  of  its  importance  to  the 
possession  of  minerals  whose  exploitation  has  added  to  the  com- 
fort and  wealth  of  its  inhabitants.  Thus,  Alabama  has  coal  and 
iron;  California,  gold,  quicksilver  and  petroleum;  Indiana,  nat- 
ural gas,  building  stone  and  coal;  Maine,  granite;  Michigan, 
copper  and  iron;  Minnesota,  iron;  Missouri,  lead,  zinc  and  iron; 
New  Jersey,  zinc,  marble  and  clays;  Ohio,  coal,  building  stone, 
natural  gas  and  petroleum;  Pennsylvania,  coal,  iron  and  petro- 
leum; and  Tennessee  and  Vermont,  marble. 

"There  are  four  principal  industries  based  upon  the  develop- 
ment and  utilization  of  our  natural  resources.     In  the  value  of 
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their  production,  agriculture  is  pre-eminently  first  in  rank, 
representing  in  1911  a  total  of  S565, 71 1,600.  The  mineral  indus- 
try is  easily  second,  with  a  production  in  1910  valued  at  S106,- 
823,623.  In  1910,  it  was  nearly  equal  in  value  to  the  production 
from  the  fisheries  and  forests  combined.  The  value  of  these  two 
latter  in  1910  was  $113,954,433.  (Forestry  $83,989,000;  fish- 
eries, §29,965,433). 

"The  relation  of  tlie  mineral  industry  to  the  existing  railways 
also  brings  out  forcibly  the  importance  of  mining.  This  connec- 
tion is  ably  illustrated  in  a  paper  submitted  by  Dr.James  Douglas 
to  the  Institution  of  Mining  and  Metallurgy  at  its  nineteenth 
session  (1909-1910)  entitled  'The  Influence  of  the  Railroads  of 
the  United  States  and  Canada  on  the  Mineral  Industry.'  (Vol. 
XIX,  pp.  2-56).  One  of  the  tables  quoted  shows  that  the  freight 
supplied  to  the  railways  by  the  mines  is  far  in  excess  of  that 
contributed  by  any  other  branch  of  national  activity.  Thus  in 
the  United  States  in  1900,  the  products  of  the  mine,  according  to 
the  Interstate  Commerce  Commission,  contributed  52.59  per  cent, 
of  the  total  freight  carried  by  the  railways,  manufactures  ranking 
second  with  13.41  per  cent.  In  1906  the  products  of  the  mines 
had  increased  to  53.09  per  cent,  of  the  total  freight  carried,  while 
manufactures  were  again  second  with  14.81  per  cent.  In  Cana- 
da, in  1908,  of  the  total  freight  hauled  by  the  various  railways  in 
operation,  the  products  of  the  mines  accounted  for  35.92  per  cent, 
of  the  total,  while  forestry  products  ranked  second  in  importance, 
with  20.49  per  cent.,  and  agriculture  third,  with  14.91  per  cent. 

"In  order  to  obtain  a  true  perspective  of  the  national  impor- 
tance of  mining  to  Canada,  a  brief  historical  outline  seems 
necessary : 

"The  first  recorded  mining  excitement  relating  to  Canada, 
was  that  occasioned  by  the  discovery  of  some  mica  reported  to 
contain  a  considerable  proportion  of  gold,  brought  back  to 
England  by  Sir  Martin  Frobishcr  in  1576.  The  great  expecta- 
tions aroused  by  this  find  inspired  a  second  and  even  a  third 
voyage,  and  the  captain  was  specially  directed  by  commission  to 
search  for  this  gold  ore  rather  than  for  the  discovery  of  the 
(Northwest)  passage.  On  the  second  voyage  in  1577,  it  is  related 
that  they  took  200  tons  of  glittering  ore  on  the  southern  side  of 
Frobisher's  Strait,    'but  upon  tryall  made,  it  proved  no  better 
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than  blacklead  and  verified  the  proverb— All  is  not  gold  that 
glistereth.'  The  third  voyage  undertaken  in  1758,  for  the 
purpose  of  founding  a  colony  and  collecting  ores,  was  barren  of 
results. 

"The  limonite  or  bog  iron  ore  deposits,  in  the  district  of  Three 
Rivers,  were  described  as  far  back  as  the  latter  part  of  the 
seventeenth  century,  and  in  1737  a  blast  furnace  was  erected  and 
smelting  operations  undertaken  which  have  been  carried  on  more 
or  less  continuously  to  the  present  time.  The  existence  of  work- 
able deposits  of  copper  in  the  vicinity  of  the  Great  Lakes,  had  long 
been  known,  but  in  1767  a  trader  named  Henry  who  had  passed 
the  winter  at  Michipicoten,  reported  the  existence  of  lead  at 
Mamainse  and  of  grey  copper  ore  at  that  and  various  other  places. 
In  1770,  a  company  was  formed  in  England,  but  the  narrowing 
of  the  vein  to  4  inches  at  a  depth  of  thirty  feet,  the  difficulty  of 
procuring  and  maintaining  mines  at  so  great  a  distance  from  any 
centre  of  civilization,  the  remoteness  of  any  market  for  the  ore, 
as  well  as  the  absence  of  facilities  for  transportation,  rendered 
these  first  attempts  abortive. 

"The  first  mention  of  the  occurrence  of  coal  in  Canada,  as 
also  in  America,  is  contained  in  a  small  book  published  in  Paris 
in  1672;  but  mining  was  not  undertaken  until  1720,  when  an 
opening  was  made  on  the  north  side  of  Cow  Bay,  from  which 
coal  was  obtained  for  the  men  working  on  the  fortifications  of 
Louisburg.  During  the  next  sixty  years  the  mining  of  coal  was 
carried  on  in  a  desultory  fashion,  but  from  1784  to  1788  the  Go\- 
crnment  itself  carried  on  systematic  mining  operations  on  the 
northwest  shore  of  Sydney  Harbour.  From  1788  to  1826  these 
mines  were  either  leased  to  individuals  or  worked  by  the  Govern- 
ment, the  output  \-arying  from  200  to  1,200  tons  a  year.  In 
1826  and  1827  the  General  Mining  Association  acquired  all  the 
ungranted  mines  and  minerals  of  Cape  Breton,  and  in  1830  the 
first  shaft  in  the  province  was  sunk  on  the  main  seam  on  the 
west  side  of  Sydney  Harbour. 

"Douglas,  the  celebrated  botanist,  discovered  the  Blue  Bell 
(silver-lead)  mine  on  Kootenay  Lake,  British  Columbia,  in  the 
early  twenties.  Coal  was  discovered  at  Fort  Rupert,  Vancouver 
Island,  in  1835,  and  some  development  work  was  done  by  the 
Hudson  Bay  Company;  but  these  workings  were  abandoned  in 
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1851  for  those  at  Nanaimo,  where  coal  mining  has  ever  since 
been  carried  on.  In  1850  gold  was  found  on  Vancouver  and 
Queen  Charlotte  Islands,  and  a  miniature  mining  boom  took  place 
at  the  Queen  Charlotte  Islands  in  1851-52.  In  the  interior  of 
British  Columbia,  gold  was  found  in  the  Natchez  Pass  and  the 
Similkameen  as  early  as  1852.  In  1852  and  1854,  Colville  In- 
dians were  known  to  have  gold  nuggets  in  their  possession,  and 
Chief  Trader  McLean  procured  gold  dust  from  Indians  near 
Kamloops  in  1852.  Between  1855  to  1857  gold  discoveries  were 
made  on  the  Thompson,  Fraser  and  Columbia  Rivers,  and  the 
news  soon  attracted  attention  to  British  Columbia  as  a  possible 
gold  field  and  led  to  the  settlement  of  the  country. 

"In  1846,  owing  to  activity  in  prospecting  and  locating 
mineral  lands  on  the  southern  shore  of  Lake  Superior,  and  a 
favourable  report  by  Mr.  W.  E.  Logan,  then  (1842)  newly  ap- 
pointed Provincial  (ieologist,  some  enterprising  Canadians  band- 
ed themselves  together  into  two  associations  called  'The  Mon- 
treal Mining  Company'  and  the  'LIpper  Canada  Mining  Com- 
pany.' The  former  company  having  purchased,  amongst 
(others,  what  was  then  known  as  'The  Bruce  Mines  Location,' 
while  the  Upper  Canada  Company  proceeded  to  develop  the 
W^allace  mine,  the  first  place  in  Canada  in  which  nickel  had  l)cen 
discovered.  The  Montreal  Mining  Company  continued  opera- 
tions from  1846  to  1805,  when,  from  a  variety  of  causes,  the  work 
proved  unremunerative. 

"These  early  references  to  attemj^ts  to  carry  on  mining  oper- 
ations, while  instructive  and  interesting,  ha\-e  only  an  indirect 
bearing  on  the  present  status  of  the  industry.  The  real  inception 
of  mining  may  be  said  to  date  from  the  completion  of  the  con- 
struction of  the  Canadian  Pacific  Railway  in  1885.  This  ren- 
dered accessible  a  vast  territory,  much  of  which  was  underlaid 
by  mineral  bearing  formations.  Since  then  progress  has  been 
rapid  and  well  sustained.  It  is  thus  interesting  to  note  that  in 
1886,  the  first  year  for  which  complete  statistics  of  the  mineral 
production  for  the  w'hole  of  Canada  were  collected,  the  value 
w^as  reported  as  $10,221,255,  or  about  $2.23  per  capita.  In  the 
succeeding  ten  years  the  value  of  the  mineral  production  had  in- 
creased over  100  per  cent,  representing  the  sum  of  $22,474,256,  or 
$4.38  per  capita  in  1896.     Chiefly  as  a  result  of  gold  mining  activ- 
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ity  in  the  Yukon,  the  increase  in  the  next  five  years  was  nearly 
200  per  cent.,  the  total  value  of  mineral  production  in  1901  being 
$65,797,911,  or  $12.10,  per  capita.  For  the  three  years  following 
there  was  a  slight  decrease  from  this  amount,  but  in  1905  a  very 
substantial  increase  was  made  the  total  value  of  the  mineral 
production  in  this  year  being  $69,525,170.  From  this  year,  the 
increase  was  steady  and  rapid  until  1910,  when  the  grand  total 
registered  was  $106,823,623,  averaging  $14.93  per  capita  of  popu- 
lation. In  1911  the  mineral  production  showed  a  decrease  of  a  little 
over  3  per  cent,  as  compared  with  that  of  1910,  the  total  amount 
being  valued  at  $103,220,994,  or  an  average  output  per  capita  of 
$14.42.  In  1912  there  was  again  a  very  large  increase,  the  total 
value  amounting  to  about  $133,127,489,  or  over  $18  per  capita. 

"Ontario  has  now  taken  her  place  as  the  premier  province  in 
mining  of  the  Dominion,  a  position,  until  1909,  held  by  British 
Columbia.  The  relative  importance  of  the  provinces  as  mineral 
producers  for  1912  are  as  follows:  Ontario  contributed  38.33  per 
cent.;  British  Columbia,  22.20;  Nova  Scotia,  14.15;  Quebec,  8.77; 
Alberta,  9.10;  Northwest  Territories,  4.42;  while  Manitoba,  New 
Brunswick  and  Saskatchewan  together  accounted  for  3.03  per 
cent,  only  of  the  total  mineral  output.  As  is  probably  well 
known  to  members,  Ontario  is  famous  for  its  production  of  silver, 
nickel,  copper,  natural  gas,  cement  and  clay  products;  British 
Columbia  for  coal,  gold,  copper,  silver  and  lead;  Nova  Scotia  is 
chiefiy  noted  for  its  coal  and  gypsum,  and  also  in  a  minor  degree, 
gold,  stone  and  clay  products.  Asbestos  accounts  very  largely 
for  the  Quebec  mineral  products,  although  graphite,  cement, 
stone,  copper  and  pyrites  figure  rather  prominently,  especially  the 
three  first  mentioned  products.  Alberta's  production  is  mainly 
represented  by  coal,  cement  and  clay  products.  The  min- 
eral products  of  the  Yukon  are  gold  and  coal,  with  some 
silver  and  copper.  Manitoba  produces  gypsum,  clay  and 
stone  products;  Saskatchewan,  coal  and  clays,  while  New^  Bruns- 
wick, which  is  the  last  on  the  list  of  provinces  as  a  mineral  pro- 
ducer, produces  chiefly  gypsum,  coal,  iron  and  stone  products. 

"The  construction  of  the  Canadian  Pacific  Railway  was 
directly  responsible  for  the  discovery  of  the  Sudbury  nickel-copper 
deposits,  production  from  which,  to  date,  represents  a  value  of 
about  80  millions  of  dollars. 
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"In  1877  asbestos  was  discovered  in  the  serpentine  hills  of 
Thetford  and  Coleraine  in  Quebec,  but  it  was  not  until  1884  that 
mining  had  made  such  progress  that  1,141  tons  were  quarried, 
valued  at  $75,097.  In  1912,  the  total  production  of  asbestos  was 
1 1 1,175  tons,  valued  at  S3,059,084,  while  the  aggregate  production 
to  the  end  of  the  year  had  reached  a  value  of  nearly  835,000.000. 
Quebec  now  contributes  more  than  75  per  cent,  of  the  world's 
total   production  of  asbestos. 

"It  was  not  until  1890  that  claims  were  located  on  the  gold- 
copper  lodes  which  have  made  Rossland  famous  as  a  mining 
camp,  and  attracted  attention  to  the  whole  interior  of  southern 
British  Columbia.  Since  that  time  the  production  from  this 
district  alone  has  been  more  than  $55,000,000. 

"The  discoveries  at  Rossland  stimulated  prospecting  over 
extensive  areas  in  southern  British  Columbia,  and  in  1891  the  ore 
bcxlies  in  the  vicinity  of  Greenwood  and  Phoenix  in  the  Boundary 
district  were  located.  About  the  same  time  coal  mining  was 
becoming  quite  extensive  in  Alberta;  while  although  the  Klondike 
District  of  the  Yukon  was  discovered  in  1894,  it  did  not  become 
prominent  until  1890.  All  of  these  discoveries  and  consequent 
active  mining  development  work  greatly- stimulated  interest  in 
the  mineral  and  the  other  natural  resources  of  the  country. 

"This  period  marked  the  real  beginning  of  that  considerable 
expansion  which  has  since  been  so  extraordinary.  Cobalt  was 
discovered  in  1903,  by  the  building  of  the  Temiskaming  and 
Northern  Ontario  Railway,  and,  to  the  end  of  1912,  has  produced 
nearly  82  million  dollars  worth  of  silver. 

"More  interesting,  however,  than  this  brief  narration  of  the 
marvellously  rapid  development  of  the  mineral  industry  of  Canada, 
are  its  future  possibilities.  None  of  us  can  realize  the  truly 
magnificent  future  of  this  vast  Dominion,  with  an  area  greater 
than  that  of  the  United  States,  and  almost  equal  to  that  of  the 
whole  of  Europe.  Two-thirds  of  this  total  area  of  Canada  (3,- 
729,665  square  miles)  is  underlain  by  rock  formations  which, 
where  adequately  examined  and  prospected,  have  been  found 
to  contain  exceedingly  valuable,  and  in  many  cases,  unique 
mineral  deposits.  In  attempting  to  predict  the  future  of  the 
mineral  industry  of  Canada,  we  have  a  few  outstanding  facts  that 
should  be  of  great  assistance  in  this  connection. 
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"The  Great  Canadian  Shield,  or  Protaxis,  of  North  America, 
is  a  term  in  general  use  to  designate  the  great  V-shaped  area  of 
pre-Cambrian  rock  which  surrounds  Hudson  Bay,  extending 
from  Labrador  almost  to  the  mouth  of  the  Mackenzie  River. 
The  area  of  this  great  mass  of  very  ancient  cr^-stalline  rocks  has 
been  estimated  at  2,000,000  square  miles.  Along  the  southern 
border  it  contains  the  nickel  deposits  of  Sudbury,  which  contri- 
butes more  than  70  per  cent,  of  the  world's  supply  of  nickel. 
The  production  from  this  area  is  likely  to  be  more  than  dou- 
bled owing  to  extensions  in  the  plants.  At  Cobalt  are  the 
world-famous  silver  deposits,  whose  development  has  given 
Canada  third  place  in  the  world's  silver  producing  countries. 
In  the  extension  of  these  pre-Cambrian  rocks  into  the  United 
States,  southwest  of  Lake  Superior,  are  found  the  greatest  iron 
mines  in  the  world,  with  an  estimated  available  ore  of  1,950,000,- 
000  tons,  to  which  must  be  added  20.5%  which  had  been  consumed 
up  to  the  close  of  1910.  In  this  area  is  situated  also  a  copper 
camp  which  in  the  total  of  its  production  is  the  greatest  in 
the  United  States.  It  is  believed  that  similar  copper  bearing 
rocks,  occupying  a  still  greater  area,  and  likely  to  be  at  least  as 
richly  productive,  occur  in  the  vicinity  of  Coronation  Gulf  and 
Bathurst  Inlet  in  the  Arctic  Ocean.  A  description  of  this  mineral 
bearing  area,  from  information  then  available,  was  given  last 
year  by  one  of  our  members,  Mr.  J.  B.  Tyrrell.'^-  At  this  meeting 
Dr.  James  Douglas  will  give  a  detailed  statement  of  the  results 
of  an  exploration  which  has  recently  been  conducted  under  his 
auspices.  In  these  circumstances,  therefore,  it  seems  entirely 
reasonable  to  assume  that  these  great  northern  areas  contain 
vast  deposits  which  will  become  available  directly  access  to  them 
is  less  difificult. 

"The  immense  possibilities  of  Canada  from  an  agricultural 
standpoint  are  now  a  matter  of  general  agreement,  but  the 
potentialities  of  mining  in  Canada  are  not  so  well  realized. 
It  is  the  speaker's  firm  conviction  that  Canada's  future  greatness 
will  depend  more  upon  her  mineral  production  than  upon  any 
other  of  her  natural  resources.  Many  of  us  have  an  abiding 
faith  in  the  great  lone  northland,  with  its  apparently  barren  and 
waste  stretches  of  rock  and  water.  The  call  for  its  successful 
(i)     Trans.  Can.  Min.  Inst.,  \"ol.  xv.,  pp.  508-534. 
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development  is  as  compelling  as  the  missionaries'  cry  which  came 
over  from  Macedonia.  National  greatness  can  only  be  achieved 
by  obeying  this  mandate.  An  empire,  half  a  continent,  awaits 
the  march  of  civilization.     We  mav  not  falter  nor  hold  back." 


Report  of  the  Council.  1912. 

The  Report  of  the  Council  and  Financial  Statement  for  the 
year  ending  December  31st,  1912,  as  follows,  were  adopted : 

The  Council  has  much  pleasure  in  submitting  the  following 
report  of  the  work  of  the  Institute  for  the  year  ending  December 
31st,    1912: 

Meetings 

The  Fourteenth  Annual  General  Meeting,  held  in  Toronto 
on  March  6th,  7th  and  8th,  was  notably  successful,  the  large 
attendance  of  two  hundred  and  seventy-four,  or,  approximately, 
twenty-five  per  cent,  of  the  present  membership,  being  a  speci- 
ally gratifying  feature;  while  the  presence  also  of  a  number 
of  distinguished  engineers  and  geologists  from  the  United  States 
and  one  from  Great  Britain — many  of  whom  took  a  prominent 
part  in  the  proceedings — contributed  materially  to  the  interest 
and  success  of  the  occasion.  At  the  close  of  the  meeting  the 
visitors  were  afforded  the  opportunity  of  visiting  the  mines  of 
the  Porcupine  and  Cobalt  districts,  under  the  ausi)ices  of  the 
Institute. 

The  first  of  what  is  hoped  will  be  a  regular  series  of  Semi- 
Annual  or  Western  Meetings  was  held  in  September,  in  Victoria, 
B.C.,  and  in  Frank,  Alta.  The  papers  presented  at  these  meet- 
ings were  productive  of  interesting  discussions,  and  the  Council 
has  every  reason  to  believe  that  Western  members  both  realize 
and  appreciate  the  advantage  of  the  innovation. 

Other  meetings  under  the  auspices  of  the  respective  Branches 
have  been  held  at  Sherbrooke  and  Montreal,  in  Quebec;  Cobalt, 
Porcupine,  Kingston  and  Toronto,  in  Ontario;  Lcthbridge, 
in  Alberta;  and  at  Vancouver,  in  British  Columbia. 
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Branches 

The  organization  was  effected  in  September,  of  the  Rocky 
Mountain  Branch,  and  in  December,  of  the  Ottawa  Branch. 
To  the  former,  members  resident  in  South-eastern  British  Col- 
umbia and  Southern  Alberta,  as  far  east  as  Medicine  Hat, 
will  be  attached,  although  provision  is  made  that  the  British 
Columbia  members  shall  as  well  continue  to  be  associated  with 
the  Western  Branch. 

Proposals  were  under  consideration  during  the  year  for  the 
afifiliation  of  the  provincial  mining  societies  of  Nova  Scotia 
with  the  Institute,  and  the  President  specially  visited  Halifax 
last  spring  to  discuss  the  project.  It  was  found,  however, 
that  satisfactory  arrangements  could  not  be  made  at  the  present. 

Publications 

The  aim  of  the  Council  is  to  raise  the  standard  of  the  In- 
stitute's publications  to  the  highest  possible  level;  and  to  this 
end  all  papers  submitted  for  publication  have  been  critically 
scrutinized,  and  those  only  accepted  that  appeared  to  the  Pub- 
lication Committee  to  contain  information  of  real  value  to  mem- 
bers. Some  additional  expense,  moreover,  has  been  incurred 
in  securing  a  better  grade  of  paper-stock  for  use  in  the  printing 
of  the  volume  of  transactions,  and  particular  care  has  been  taken 
to  ensure  that  the  halftone  illustrations  shall  be  satisfactory. 
In  view,  however,  of  the  considerable  recent  advances  in  the  cost 
of  printing,  the  Council  decided  that  economy  might  be  best 
effected  by  discontinuing  the  practice  of  printing  papers  in 
advance  form  in  the  Quarterly  Bulletin,  and  henceforward 
separates  of  papers  will  be  supplied  upon  direct  application  only. 

The  Secretary  has  completed  the  compilation  of  a  General 
Index  of  Volumes  1  to  X,  inclusive,  of  the  Journal  of  the  Institute, 
and  has  included  therewith  summaries  of  the  papers  contained 
in  these  volumes,  the  majority  of  which  are  out  of  print.  This 
work  is  now  in  press,  and  will  be  ready  for  distribution  early 
in  the  Spring.  It  is  proposed  to  offer  it  on  sale  to  members  at 
practically   the   actual   cost  of  production. 
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Membership 

The  Council  would  particularly  direct  attention  to  the 
gratifying  fact  that  the  membership,  inclusive  of  all  classes, 
now  numbers  over  one  thousand,  the  actual  number  being  1035. 
The  accessions  during  the  year  were  as  follows: 

Ex-OfKicio 6 

Members 127 

Associates 34 

Students 3 

Total 170 

The  losses  by  death,  resignations  and  removal  were  as 
follows: 

Deaths 5 

Resignations 18 

Removals 2G 

Total 49 

Library  and  Reading  Room 

The  accessions  to  the  library  represent  136  volumes.  The 
Library  and  Reading  Room  have  been  used  freely  during  the 
year,  both  by  members  visiting  headquarters,  and  by  strangers 
to  whom  the  courtesy  has  been  extended. 

Students'  Competition  afid  Aieards 

Ten  papers  were  submitted  by  student  members  in  competi- 
tion for  the  Institute's  awards.  The  judges  have  recommended 
that  a  prize  of  twenty-five  dollars  be  awarded  to  Mr.  E. 
Futterer  for  his  paper  entitled  "The  Champion  Mine;"  while 
Mr.  J.  C.  Jones'  paper  on  the  "Joplin  District,"  is  given  hon- 
ourable mention. 

(iefieral 

In  conclusion,  it  is  gratifying  to  be  able  to  state  that  the 
affairs  of  the  Institute  are  now  in  a  more  flourishing  condition 
than  at  any  previous  time  in   its  history.     The  membership, 
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as  already  stated,  is  increasing  steadily;  organization  by  the  es- 
tablishment of  branches  throughout  the  country  is  being  per- 
fected; the  publications  are  vastly  more  valuable  than  in  the 
past,  and,  in  general,  the  Institute  is  growing  in  strength  and 
usefulness. 

Treasurer's  Report 

Receipts  and  Disbursements  /or  the   Year   Ending  December 

jTst,  1912. 

Receipts 

Cash  in  Bank  1st  January,  1912 $    5,919.75 

Subscriptions: 

Annual $  6,485.00 

Life 100.00 

Students 119.00 

Advance  (1913) 60.00 

Arrears  Collected 634.00    $7,398.00 

Publications: 

Sales 182 .  50 

Advertisements 287 .  50 

Binding 272.50 

742.50 

Grants: 

Dominion  Govt 3,000.00 

Ontario  Govt 1 ,000 .  00 

Quebec  Govt 500 .  00 

4,500.00 

Miscellaneous: 

Sale  of  Buttons 4.50 

Interest 543.13 

547.63 

$    13,188.13 

$    19,107.88 
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Dlsbiu'semoits 

Publications: 

Printing,  Binding  and 
Distribution    Vol. 

14  (Part) $2,385.67 

Printing  Vol .  1 5  ( Part)  84 1 . 1 0 

List  of  Members 204 .  65 

Editor's  Salary 1,600.00 

5,031.42 

Meetings: 

Annual  Meeting 1,130.57 

Porcupine-Cobalt 

Exc'n 534.63 

Western  Meeting.  ...         152.20 

$1,817.40 

Secretary's  Office: 

Salaries  of  Staff $3,413.20 

Less   chargeable    to 

Publications 1,600.00 

1,813.26" 

Rent 833.45 

Telephones    &     Tele- 
grams   116.05 

Travelling  expenses.  .  575.20 

Audit 55.00 

Insurance 35.00 

Bank    Exchange,    Ad- 
vertising, Service  & 

Miscellaneous 131.35 

Printing  «&  Stationery  378.98 

ditto     (Branches)  28.00 

Postages 163.56 

Express 76 .  83 

Furniture,  Typewriter 

etc 421.15 

$4,627.83 


Carried  Forward         $11,476.65     $19,107 
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Brought  forward $11,476.65    $19,107.88 

Library: 

Purchase  of  Books  & 

Binding 182.64 

Furniture 112.90 

295 . 54 

11,772.19 


7,335.69 
Less    Contingent   Account 2,040.00 


Balance  in   Bank 5,295.69 

Less  estimated  to  complete  Vol.  XV 2,000.00 


$3,295.69 


Audited  and  certified  correct. 

(Signed)  P.  S.  Ross  &  Sons, 

Chartered  Accountants. 

Montreal,  Jan.  4lh,  1913.  H.  Mortimer-Lamb, 

Secretary-Treasurer. 


Auditor's  Report 

To  the  President  and  Members, 

of  the  Canadian  Mining  Institute, 
Montreal,  Que. 

Gentlemen : — 

We  beg  to  report  having  completed  our  audit  of  the  financial 
transactions  of  your  Institute,  as  shown  by  the  Books  of  Account 
during  the  fiscal  year  ended   December  31st,   1912. 

The  incoming  monies  have  been  verified  by  comparing  the 
stubs  of  the  Receipt  Books  with  the  Cash  Book.  These  monies 
have  been  regularly  deposited   in   the   Bank. 
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The  disbursements  have  been  substantiated  by  satisfactory 
vouchers,  and  are  in  accordance  with  the  operations  of  the 
Institute. 

The  additions  of,  and  postings  from,  the  subsidiary  books 
to  the  Ledger  have  been  checked  in  detail,  and  at  the  end  of 
the  period  under  review  a  correct  Trial  Balance  has  been  drawn 
from  the  Ledger  upon  which  we  have  based  the  annual  financial 
statements. 

The  Bank  Account  was  checked  in  detail,  and  the  balance 
at  31st  December,  1912  confirmed  by  certificate  obtained  from 
the  Bank. 

The  attached  Statements  of  Assets  and  Liabilities,  Revenue 
Account,  and  Receipts  and  Disbursements  are  certified  to  by  us 
as  correctly  showing  the  operations  during  the  year  and  the  posi- 
tion of  the  Institute  at  the  end  thereof  according  to  the  Books 
of  Account. 

Respectfully   submitted, 

(Signed)  P.  S.  Ross  &  Sons, 

Chartered  Accountants, 


Proposed  Amendments  to  the  By-Laws. 

After  a  brief  discussion,  the  proposed  amendments  to  Sec- 
tions 7,  33,  and  34  of  the  By-Laws  were  negatived. 

The  Mineral  Production  of  Canada  in  1912. 

Mr.  John  McLeish,  Chief  of  the  Statistical  Bureau  of  the 
Department  of  Mines,  then  submitted  a  preliminary  statement  of 
the  mineral  production  of  Canada  for  the  year  1912,  as  follows: 

The  total  v^alue  of  the  mineral  production  in  Canada  in  1912 
was  8133,127,489.  This  estimate  is  subject  to  revision.  Com- 
pared with  the  previous  year  this  production  shows  an  increase  of 
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$29,906,495,  or  nearly  29  per  cent.  The  mineral  output  in  1911, 
however,  was  somewhat  restricted  owing  to  long  extended  labour 
disputes  and  the  largest  previous  production  was  in  1910  com- 
pared with  which  that  of  1912  shows  an  increase  of  826,243,866, 
or  over  24  per  cent.  The  per  capita  production  in  1910  was 
§14.93,  and  this  has  increased  in  1912  to  over  S18.  This  record 
is  a  gratifying  indication  or  confirmation  of  the  fact  that  the 
Canadian  mineral  industry  in  1912  has  had  by  far  the  most 
successful  year  in  its  history. 

This  progress  is  all  the  more  satisfactor>-  because  it  is  evi- 
dently due  to  a  wide-spread  and  substantial  development  of  the 
country's  mineral  resources.  The  only  new  camp  of  importance 
to  contribute  largely  to  the  year's  output  was  Porcupine,  the 
gold  production  of  which  was  about  one  and  three-quarter  million 
dollars.  A  slight  scarcity  of  labour  was  reported,  particularly 
in  connection  with  the  asbestos  and  clay  working  industries. 
There  were  comparatively  few  labour  disputes  to  interfere  with 
output,  the  principal  difficulties  being  a  strike  of  coal  miners  on 
Vancouver  Island,  beginning  in  September,  and  a  labour  dispute 
at  Porcupine  toward  the  latter  part  of  the  year.  The  total  coal 
and  gold  production  were  but  slightly  affected  thereby. 

A  substantial  increase  in  price  in  most  of  the  metals,  which 
took  place  early  in  the  year  and  continued  throughout,  had  a  very 
important  bearing  on  the  year's  operations  and  contributed  large- 
ly to  the  increased  value  of  the  output. 

A  feature  of  particular  interest  during  the  year  has  been  the 
continued  and  extended  development  of  ore  reserves.  The  satis- 
factory results  from  these  operations,  particularly  in  the  case  of 
the  nickel-copper  ores  of  the  Sudbury  district,  the  Porcupine  gold 
ores  of  Ontario  and  a  number  of  the  copper  and  lead  deposits  of 
British  Columbia,  point  to  much  greater  annual  outputs  in  the 
future. 

Extension  of  ore  smelting  and  refining  facilities  and  in  a 
number  of  cases  special  improvements  in  methods  of  practice  have 
also  been  important  factors  in  the  year's  operations. 

The  production  of  the  more  important  metals  and  minerals 
is  shown  in  the  following  tabulated  statement  in  which  the  figures 
are  given  for  the'two  years,  1911  and  1912,  in  comparative  form, 
and  the  increase  or  decrease  in  \-alue  shown: — 
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The  subdivision  of  ihe  mineral  production  in  1911  and  1912 
by  provinces  was  approximately  as  follows: — 


Province. 


1911 


Value  of 
Production. 


1912. 


Value  of 
Production. 


Per  cent, 
of  Total. 


Nova  Scotia 

New  Brunswick.  .  .  . 

(Juebcc 

Ontario 

Manitoba 

Saskatchewan 

Alberta 

British  Columbia. .  . 
North  West  Territories 

Dominion 


1.5,409,397 

612.830 

9,304,717 

42,796,102 

1,791,772 

036,706 

6,062,673 

21,299,30.5 

4,707,432 


1S,S13,324 

S06,584 

11.1)75,682 

.51,023,134 

2,314,922 

909,934 

12,110,900 

29,555,323 

5,887,620 


103,220,994 


133,127,489 


14.15 
0.61 
8.77 

38.33 
1.74 
0.68 
9.10 

22.20 
4.42 


100.00 


Of  the  total  production  in  1912  a  value  of  SGI, 177, 989  or 
nearly  46  per  cent,  is  credited  to  the  metals,  and  $71,949,500  or 
54  per  cent,  to  non-metallic  products.  With  the  exception  of 
petroleum  every  important  mineral  mined  in  Canada  shows  an 
increased  production  in  1912,  in  so  far  as  value  is  concerned.  In 
the  case  of  silver  only,  is  there  a  decrease  in  quantity,  and  this 
slightly  less  than  2  per  cent.,  the  increase  in  total  value  of  silver 
being  due  to  the  much  higher  price  obtained  for  the  metal  during 
the  year.  Among  the  metals,  increases  in  quantity  of  output  are 
shown  as  follows :  pig  iron  10.5  per  cent ;  gold  28  per  cent. ;  copper 
40  per  cent,  and  leal  50  per  cent.  On  account  of  the  generally 
higher  prices  of  the  metals  the  increases  in  total  value  of  output 
considerably  exceed  the  increases  in  quantity,  and  are  as  follows: 
silver  12  per  cent,  nickel  31  per  cent.,  copper  85  per  cent,  and 
lead  93  per  cent. 

The  most  important  increases  among  non-metallic  products 
are  in  coal,  gypsum  and  cement.  Coal  shows  an  increase  of  30 
per  cent  in  tonnage,  gypsum  11  per  cent  and  cement  26  per  cent. 

It  is  a  matter  of  regret  to  have  to  report  a  continued  decrease 
in  the  production  of  petroleum.     The  Canadian  output  of  this 
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product  a  few  years  ago  was  about  50  per  cent  of  domestic  con- 
sumption. At  the  present  time  not  over  5  per  cent,  of  Canada's 
consumption  of  petroleum  and  its  products  is  derived  from  domes- 
tic sources. 

The  record  of  production  by  Provinces  given  above,  shows 
some  slight  changes  in  the  relative  importance  of  the  production 
of  each.  The  only  change  in  the  order  of  magnitude  of  output 
is  that  Alberta,  the  production  of  which  had  exceeded  that  of 
Quebec  in  1910,  but  fallen  below  again  in  1911,  on  account  of  its 
restricted  coal  output,  again  takes  premier  place  in  1912.  Ontario 
is  still  the  largest  contributor  to  the  total,  being  credited  with  38 
per  cent.,  or  $51,023,134;  British  Columbia  comes  second  with 
22  per  cent.,  or  $29,555,323;  Nova  Scotia  third  with  $18,843,324 
or  14  per  cent.;  Alberta  fourth  with  $12,110,960  or  over  9  per 
cent.,  and  Quebec  fifth  with  $11,675,682  or  a  little  under  9  per 
cent. 

It  should  be  remembered  in  dealing  with  these  comparisons 
that  Nova  Scotia  in  the  above  record  is  given  no  credit  on  account 
of  the  large  iron  smelting  and  steel  making  industries  at  Sydney, 
New  Glasgow,  etc.  The  pig  iron  made  here  is  entirely  from  im- 
ported ore  and  naturally  is  not  credited  as  a  Canadian  mine  out- 
put. The  same  remark  applies  to  a  large  percentage  of  the  pig 
iron  production  in  Ontario  as  well  as  to  the  production  of  alu- 
minium in  Quebec. 

There  was  an  increased  output  in  each  of  the  provinces  in 
1912,  the  largest  gains  being  in  Alberta  and  British  Columbia. 

In  Nova  Scotia  both  coal  and  gypsum  mining  were  par- 
ticularly active  though  a  reduced  production  of  gold  is  reported. 
Copper  and  asbestos  mining  in  Quebec  contribute  chiefly  to  the 
increase  in  that  province. 

Ontario  had  important  increases  in  nickel  and  copper  but 
more  especially  in  gold  from  the  Porcupine  district.  This 
province  has  a  large  output  of  non-metallic  products  including 
cement,  clays,  etc.  In  Alberta,  coal  mining  has  had  a  record  year 
exceeding  in  tonnage  the  British  Columbia  production.  In  the 
latter  province  the  principal  increase  was  in  copper,  with  gold, 
silver,  lead,  zinc,  coal  and  structural  or  building  materials  as 
important  contributors. 
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The  average  monthly  prices  of  the  metals  in  cents  per  pound 
for  several  years  past  are  shown  herewith: 


1907. 

1908. 

1909. 

1910. 

1911. 

1912. 

Cts. 

Cts. 

Cts. 

Cts. 

Cts. 

Cts. 

Copper,  New  York 

20.004 

13.208 

12.982 

12.738 

12.376 

16.341 

Lead, 

5.325 

4.200 

4.273 

4.446 

4.420 

4.471 

"     London 

4.143 

2.935 

2.839 

2.807 

3.035 

3.895 

"     Montreal*.  .  . 

4.701 

3.364 

3.268 

3.246 

3.480 

4.467 

Nickel,  New  York 

45.000 

43.000 

40.000 

40.000 

40.000 

40.000 

Silver,            " 

65.327 

52.864 

51.503 

53.486 

53.304 

60.835 

Spelter,          " 

5.962 

4.720 

5.503 

5.520 

5.758 

6.943 

Tin, 

38.166 

29.465 

29.725 

34.123 

42.281 

46.096 

*  Quotations   furnished   by    Messrs.    Thomas   Robertson   &   Company, 
Montreal,  Que. 

Smelter  Production 

General  statistics  showing  the  quantities  of  ores  treated  at 
smelters  and  the  quantities  of  refined  metals  or  smelter  products 
obtained  have  been  collected  by  this  Branch  since  1908.  It 
should  be  explained  that  the  accompanying  statistics  include 
the  treatment  of  a  small  quantity  of  imported  ores  chiefly  in  the 
British  Columbia  smelters. 

The  total  quantity  of  ores,  concentrate,  (S:c.,  treated  in 
1912,  was  3,008,559  tons  as  compared  with  2,193,553  tons  in  1911. 

The  ores  treated  may  be  conveniently  classified  as  follows : — 


1910. 


1911. 


1912. 


Tons. 


Nickel-copper  ores 628,947 

Silver-cobalt-nickel-arsenic  ores.  .  .|  9,466 
Lead  and  other  ores  treated  in  lead, 

furnaces {  57, .549 

Copper-gold-silver  ores 1,987,752 

Total I  2,683,714 


Tons. 

610,834 
9,330 

55,408 
1,517,981 


2,193,553 


Tons. 

725,065 
8,136 

63,042 
2,212,316 


3,008,559 
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The  products  obtained  in  Canada  from  the  treatment  of 
these  ores  include:  refined  lead  produced  at  Trail,  B.C.,  and  fine 
gold,  fine  silver,  copper  sulphate,  and  antimony  produced  from  the 
residues  of  the  lead  refinery;  silver  bullion,  white  arsenic,  nickel 
oxide,  and  cobalt  oxide  produced  in  Ontario,  from  the  Cobalt 
District  ores.  In  addition  to  these  refined  products,  blister 
copper,  copper  matte,  nickel-copper  matte,  cobalt  material  or 
mixed  nickel  and  cobalt  oxides  are  produced  and  exported  for 
refining  outside  of  Canada. 

The  aggregate  results  of  smelting  and  refining  operations 
may  be  summarized  as  shown  in  the  next  table.  Unfortunately 
the  figures  cannot  be  taken  to  represent  the  total  production  from 
smelting  ores  mined  in  Canada,  since  considerable  quantities  of 
copper  and  silver  ores  are  still  shipped  to  other  smelters  outside  of 
Canada  for  smelting. 


1911. 


Refined 
products. 


Metals    " 
contained  in 

matte 
blister,  base 

bullion 
and  speiss. 


1912. 


Refined 
products. 


Metals 
contained  in 

matte 
blister,   base 

bullion 
and  spci?5S. 


15,270 
19,078.768 
23,525,050 


r.old Ozs, 

Silver " 

Lead Lbs. 

Copper " 

Copper  sulphate. ...    " 

Nickel " 

*Nickel    and    cobalt 

oxides "         1,415,006 

White  arsenic "    |     4,194,209 


184,815 
686,171 


197,187 


175,189     12,118 

585,896   17,877,944 
35,893,190 

29,855,868  ' 58,405,910 

i    87,110  : 

34,098,744    44,841,542 


1,634.087 
4,090,7.56 


*  Nickel  oxide,  cobalt  oxide  and  cobalt  material,  &c.,  not  all  completely 
refined. 


Smelter  products  shipped  outside  of  Canada  for  refining 
were:  blister  copper  carrying  gold  and  silver  values  17,009  tons 
!n  1912,  as  compared  with  10,710  tons  in  1911;  copper  matte 
carrying  gold  and  silver  values  6,727  tons  in  1912,  as  against 
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11,320  tons  in  1911;  Bessemer  nickcl-coppcr  matte  carrying 
small  gold  and  silver  values  as  well  as  metals  of  the  platinum 
group  41,925  tons  in  1912,  as  compared  with  32.607  tons  in  1911. 

Gold 

The  gold  production  of  1912  is  estimated  at  approximateh' 
§12,559,443,  which  compared  with  the  1911  production  89,781,077 
shows  an  increase  of  S2, 778,360. 

The  Yukon  placer  production  in  1912  is  estimated  at 
$5,540,000  as  against  84,580,000  in  1911,  the  total  exports  on 
which  royalty  was  paid  during  the  calendar  year,  according  to 
the  records  of  the  Department  of  Interior,  being  335,015.67 
ounces  in  1912  and  277,430.97  ounces  in  1911.  The  British 
Columbia  production  in  1912  was  85,167,390.  of  which  the  placer 
production,  as  estimated  by  the  Provincial  Mineralogist,  was 
8500,000,  smelter  recoveries  and  bullion  obtained  from  milling 
ores  being  valued  at  84,667,390.  The  main  feature  of  the  year 
was  the  large  increase  from  Ontario  due  to  the  commencement  of 
operations  by  several  mills  in  the  Porcupine  district,  the  Province 
producing  81,745,292  as  against  842,625  in  1911. 

In  Quebec  there  is  a  small  amount  credited  to  the  pyritic 
ores  as  well  as  a  small  recovery'  from  Beauce  county  and  the 
Nova  Scotia  estimate  shows  a  further  decrease. 

The  exports  of  gold-bearing  dust,  nuggets,  gold  in  ore,  &c., 
in  1912,  were  valued  at  810,014,654. 

Gold  in  bars,  blocks,  ingots,  &c.,  was  imported  in  1912  to  the 
value  of  81,096,546. 

Silver 

In  quaniit\-  there  was  a  slight  decrease  in  the  silver  produc- 
tion in  1912,  returns  to  date  showing  a  production  of  31,931,710 
fine  ounces,  an  apparent  falling  off  of  627,334  ounces,  but  due  to 
the  increased  price,  the  value  shows  an  increase  from  817,355,272 
in  1911  to  819,425,656  in  1912  or  82,078,384. 

Of  the  1912  production  29,190,122  ounces  were  from  Ontario, 
2,651,118  from  British  Columbia,  the  increases  being  from 
British  Columbia  and  the  Yukon. 
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For  British  Columbia  the  figures  represent  the  recovery  as 
mill  bullion  or  silver  contained  in  smelter  products,  while  for 
Ontario  the  figures  represent  the  total  silver  content  of  ore  and 
concentrate  shipped,  less  five  per  cent  alloA^ed  for  smelter  losses, 
together  with  bullion  shipments. 

The  total  shipments  of  ore  and  concentrates  from  the 
Cobalt  district  and  adjacent  mines  were  about  29,116  tons, 
containing  approximately  25,684,082  ounces,  in  addition  to 
which  4,773,878  ounces  w^ere  shipped  as  bullion. 

There  was  also  a  small  silver  recovery  from  the  gold  ores  of 
Ontario. 

In  Quebec  the  silver  was  derived  from  the  pyritic  ores  of 
the  Eastern  Townships. 

The  exports  of  silver  in  ore,  &c.,  as  reported  by  the  Customs 
Department  were  34,911,922  ounces,  valued  at  S19,494,416. 
There  was  also  an  importation  of  silver  in  bars,  blocks,  sheets, 
&c.,  valued  at  $822,020. 

The  price  of  silver  in  New  York  varied  between  a  minimum 
of  54  J  cents  per  ounce  in  January  and  a  maximum  of  64  j  cents 
in  October,  the  a\^erage  monthly  price  being  60.835  cents, 
compared  with  an  average  of  53.304  cents  in  1911. 

Copper 

There  is  practically  no  recovery  of  refined  copper  in  Canada 
and  the  production  is  represented  by  the  copper  contents  of 
smelter  products,  matte,  blister-copper,  &c.,  together  with  the 
amount  of  copper  contained  in  ores  exported,  estimated  as  re- 
coverable. 

The  total  production  on  this  basis  in  1912  was  77,775,600 
pounds,  valued  at  $12,709,311  as  compared  with  55,648,011 
pounds  valued  at  $6,886,998  in  1911,  an  increase  in  quantity 
of  22,127,589  pounds  and  in  value  of  $5,822,313. 

Quebec  province  is  credited  with  a  production  of  3,225,523 
pounds  as  against  2,436,190  pounds  in  1911,  the  increase  being 
due  to  the  increased  production  from  the  pyritic  ores  of  the 
Eastern  Townships.  Ontario's  production  in  1912  was  22,250,- 
601  pounds,  as  compared  with  17,932,263  pounds  in  1911,  being 
mainly  derived  from  the  nickel-copper  ores  of  the  Sudbury 
district. 
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Apart  from  the  copper  shipments  from  Dane,  the  most 
interesting  occurrence  was  the  payment  made  for  copper  in  ship- 
ments from  the  Cobalt  camp. 

British  Columbia  had  a  record  output  of  50,520,816  pounds, 
having  had  a  year  of  uninterrupted  smelter  operation  free  from 
strikes  and  other  disturbances. 

From  the  Yukon  the  Pueblo  mine  was  a  heavy  shipper. 

The  New  York  price  of  electrolytic  copper  varied  during  the 
year  between  13.75  cents  per  pound  in  February,  to  17.00  in 
August,  the  average  for  the  year  being  10.341  cents  as  against  an 
average  monthly  price  of  12.370  cents  in  1911. 

The  exports  of  copper  in  1912  were:  copper,  fine  in  ore,  &c., 
70,542,043  pounds,  valued  at  $8,800,270  and  copper  black  or 
coarse  and  in  pigs,  1,9^,921  pounds,  valued  at  $230,212. 

The  total  imports  of  copper  in  1912  were  valued  at  $7,052,- 
534. 

Lead 

The  total  production  of  lead  in  1912  was  35,763,470  pounds, 
valued  at  $1,597,554,  or  an  average  of  4.407  cents  per  pound, 
the  average  wholesale  or  producers  price  of  pig  lead  in  Montreal 
for  the  year.  In  1911  the  production  was  23,784,909  pounds, 
valued  at  $827,717. 

The  shipments  were  practically  all  from  British  Columbia 
mines  in  1912,  a  small  shipment  being  made  from  Ontario  mines, 
but  not  paid  for.  Towards  the  close  of  the  year  the  North 
American  smelter  at  Kingston,  Ontario,  started  operations. 

In  British  Columbia  the  resumption  of  active  operations  at 
the  Blue  Bell  and  the  activity  of  the  Consolidated  Mining  and 
Smelting  Company  and  a  number  of  the  more  important  purely 
mining  companies  have  been  factors  in  the  increase. 

The  exports  of  lead  in  ore  &c.,  in  1912  are  reported  as 
299,240  pounds,  valued  at  $8,193.     No  pig  lead  was  exported. 

The  total  value  of  the  imports  of  lead  and  lead  products  in 
1912  was  $1,800,221,  including  pig  lead,  bars,  sheets,  tea  lead,  &c., 
valued  at  $1,202,001;  manufactures  of  lead  valued  at  $200,157; 
litharge  and  lead  pigments,  valued  at  $404,003. 

The  total  value  of  the  imports  of  lead  and  lead  products  in 
1911  was  $1,049,270,  being  pig  lead,  &c.,  $700,020;  manufactures, 

^,012,  and  litharge  and  lead  pigments,  $235,244. 
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The  average  monthly  price  of  lead  in  Montreal  during  1912 
was  4.467  cents  per  pound.  This  is  the  producers  price  for  lead 
in  car  lots  as  per  quotations  kindly  furnished  by  Messrs.  Thos. 
Robertson  &  Co. 

The  average  monthly  price  of  lead  in  New  York  during  the 
year  was  4.471  cents  and  in  London  ^17,929  per  long  ton,  equi- 
valent to  3.895  cents  per  pound. 

The  amount  of  bounty  paid  during  the  twelve  months  ending 
December  31,  1912.  on  account  of  lead  production  was  S118,- 
425.74  as  compared  with  $219,557.70  in  1911. 

A^ickci 

< 

The  mining  and  smelting  of  nickel-copper  ores  in  the  Sud- 
bury District  of  Ontario,  was  carried  on  with  greatly  increased 
output  during  1912.  The  same  companies  were  in  operation 
as  in  previous  years,  viz.:  The  Mond  Nickel  Company  and 
the  Canadian  Copper  Company  operating  mines  and  smelters, 
and  the  Dominion  Nickel  Company,  developing  and  proving  ore 
bodies.  It  is  interesting  to  note  that  small  shipments  of  nickel 
ore  were  also  made  from  the  Alexo  mine  at  Kelso,  in  the 
Nipissing  district.     This  ore  was  smelted  at  Victoria  Mines. 

Considerable  changes  have  been  made  in  some  of  the  details 
of  smelting  practice,  although  the  general  method  remains  the 
same,  i.e.,  the  ore  is  roasted,  smelted  and  converted  to  a  Bessemer 
matte  containing  from  77  to  82  per  cent,  of  the  combined  metals, 
copper  and  nickel,  the  matte  being  shipped  to  the  United  States 
and  Great  Britain  for  refining.  A  portion  of  the  matte  made  by 
the  Canadian  Copper  Company  is  used  for  the  direct  production 
of  monel  metal,  an  alloy  of  nickel  and  copper,  without  the  inter- 
mediate refining  of  either  metal. 

The  total  production  of  matte  in  1912  was  41,925  tons  valued 
by  the  producers,  at  the  smelters  at  $6,303,102,  an  increase  of 
9,318  tons,  or  nearly  20  per  cent,  over  the  production  of  1911. 
The  metallic  contents  were  copper  22,231,725  pounds,  and  nickel 
44,841,542  pounds.  The  amount  of  ore  smelted  was  725,005 
tons,  which  included  1,720  tons  from  the  Alexo  mine  mentioned 
above. 


Proceedings  of  the  xv  Annual  Meeting. 


31 


The  aggregate  results  of  the  operations  on  the  nickel  ores 
during  the  past  four  years  were  as  follows  in  tons  of  2,000  pounds: 


1909. 

Tons  of 
2,000    lbs. 

1910. 

Tons  of 
2,000    lbs. 

1911. 

1912. 

Tons  of 
2,000   lbs. 

Tons  of 
2,000   lbs. 

Ore  mined 

451,892 
462,336 

25,845 
7,873 

13,141 

652,392 
628,947 

35,033 
9.630 

18,636 

612,511 
610,834 

32,607 
8,966 

17,049 

737,584 

Ore  smelted 

Bessemer  matte  produced 
Copper  content  of  matte. 
Nickel 

725,065 
41,925 
11,116 
22,421 

Spot  value  of  matte.  ... 

Nickel  contained  in  matte 

etc. — 
Exported  to  Great  Britain 
United  States 

$3,913,017 
Lbs. 

3,843,763 
21,772,635 

$5,380,064 
Lbs. 

5,335,331 
30,679,451 

$4,945,592 
Lbs. 

5,023,393 
27,596,578 

$6,303,102 
Lbs. 

5,072,867 
39,148,993 

25,616,398 

36,014,782 

32,619,971 

44,221,860 

The  price  of  refined  nickel  in  New  York  remained  practically 
constant  throughout  the  year,  quotations  in  the  Engineering  and 
Mining  Journal  being  for  large  lots,  contract  business,  40  to  45 
cents  per  pound  except  during  the  early  part  of  May,  when  40  to 
50  cents  were  quoted.  Retail  spot  from  50  cents  for  500  pound 
lots  up  to  55  cents  for  200  pound  lots.  The  price  for  electrolytic 
is  5  cents  higher. 

Iron 


Iron  Ore. — Complete  returns  of  iron  ore  production  have 
not  yet  been  received  but  shipments  from  Canadian  mines  in 
1912  were  probably  about  175,000  tons. 

The  total  shipments  of  iron  ore  from  mines  in  1911  were 
210,344  tons,  valued  at  $522,319  and  included  137,399  tons  classed 
as  hematite  and  72,945  tons  as  magnetite. 

Exports  of  iron  ore  from  Canada  during  1912  were  recorded 
by  the  Customs  Department  as  118,129  tons,  valued  at  S382,005. 
The  exports  were  chiefly  from  Bathurst,  New  Brunswick  and 
Torbrook,  Nova  Scotia. 
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Shipments  from  the  Wabana  Mines,  Newfoundland,  in 
1912,  by  the  two  Canadian  companies  operating  there,  were 
1,331,912  short  tons,  of  which  956,459  tons  were  shipped  to 
Sydney  and  375,453  tons  to  the  United  States  and  Europe. 

Pig  Iron. — The  total  production  of  pig  iron  in  Canadian 
blast  furnaces  in  1912  was  1,014,587  tons  of  2,000  pounds,  valued 
at  approximately  $14,550,999  as  compared  with  917,535  tons, 
valued  at  $12,307,125  in  1911. 

Of  the  total  output  in  1912,  21,701  tons  were  made  with 
charcoal  as  fuel  and  992,886  tons  with  coke.  The  classification 
of  the  production  according  to  the  purpose  for  which  it  was 
intended  was  as  follows:  Bessemer  256,191  tons;  basic  544,534 
tons;  foundry  and  miscellaneous  213,862  tons. 

The  amount  of  Canadian  ore  used  during  1912  was  71,588 
tons;  imported  ore  2,019,165  tons;  mill  cinder,  &c.,  36,901  tons. 
The  amount  of  coke  used  during  the  year  was  1,265,998  tons, 
comprising  609,183  tons  from  Canadian  coal  and  658,815  tons 
imported  coke  or  coke  made  from  imported  coal.  There  were 
also  used  1,886,748  bushels  of  charcoal.  Limestone  flux  was  used 
to  the  extent  of  705,613  tons. 

In  connection  with  blast  furnace  operations  there  were 
employed  1,358  men  and  $993,941  were  paid  in  wages. 

The  production  of  pig  iron  by  provinces  in  1911  and  1912 
was    as    follows: — 


1911. 

1912. 

Tons. 

Value .         Value 
jper  Ton. 

Tons. 

Value. 

Value 
per  Ton. 

Xova  Scotia 

Quebec 

Ontario 

390,242 

658 

526,635 

1 

$ 

4,682,904 

17,282 

7,606,939, 

$ 

12.00 
26.24 
14.44 

424,994 

% 
6,374,910 

■S 
*15.00 

589,593 

8,176,089 

13.87 

917,535 

12,.307,125 

13.41 

1,014,587 

14,5.50,999 

14.34 

*  The  Nova  Scotia  producers  do  not  place  a  selling  value  upon  their  pig 
iron  production  and  the  increased  value  used  for  Nova  Scotia  i)ig  iron  in  1912 
does  not  mean  that  there  has  been  an  increase  in  the  value  as  shown  but  that 
the  value  used  in  1911  was  probably  too  low. 
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There  was  also  a  production  during  1912  in  electric  furnaces 
of  7,834  tons  of  ferro-alloys  valued  at  S465,225,  as  compared 
with  7,507  tons  valued  at  $376,404  in  1911. 

The  exports  of  pig  iron  during  the  year  are  reported  as  6,976 
tons,  valued  at  §310,702  an  average  of  §44.53  per  ton.  Probably 
the  greater  part  of  this  is  ferro-silicon  and  ferro-phosphorus  pro- 
duced respectively  at  Welland  and  Buckingham. 

There  were  imported  during  the  year  272,680  tons  of  pig 
iron,  valued  at  83,512,969  and  19,810  tons  of  ferro-manganese, 
&c.,  valued  at  S469,884. 

Asbestos 

The  total  shipments  of  asbestos  in  1912  exceeded  those  of 
1911  by  at  least  5  per  cent.,  it  being  probable  that  complete 
returns  will  show  a  somewhat  higher  production  and  shipments 
than  the  figures  given  below.  According  to  returns  so  far  re- 
ceived, the  total  output  of  asbestos  was  97,816  tons,  the  sales 
106,520  tons,  valued  at  82,959,677,  or  an  average  of  827.79  and 
stock  on  hand  at  the  end  of  the  year  amounting  to  21,686  tons, 
valued  at  81,021,066.  The  record  indicates  an  increase  in  sales 
and  a  reduction  of  stocks  on  hand. 

Shipments  were  confined  to  the  mines  of  the  Black  Lake  and 
Thetford  districts,  those  at  East  Broughton  remaining  idle. 
Operators  report  that  they  were  handicapped  by  shortage  of 
labour  but  since  market  prices  and  conditions  have  greatly  im- 
proved, 1913  promises  to  be  a  very  successful  year. 

The  number  of  men  employed  in  mines  and  mills  during 
1912,  was  2,755  at  a  wage  cost  of  81,296,655. 

The  total  quantity  of  asbestos  rock  sent  to  mills  is  reported  as 
1,514,314  tons,  which  with  a  mill  production  of  97,815  tons,  shows 
an  average  estimated  recovery  of  about  6.45  per  cent. 

The  following  tabulated  statement  shows  the  output  and 
sales  during  1912,  and  the  stock  on  hand  at  the  end  of  the  year. 
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Output. 

Sales. 

Stock  on  hand  Dec.  31-. 

Tons. 

Tons. 

Value.     Per  ton 

Tons. 

Value. 

Per  ton 

Crude  No.    1 

2 
Mill  Stock  No.    1.' 

2. 

3^ 

3.221 
19,672 
35.389 
38.083 

1.928.9 

3.669 
18.758 
43.359 
.38.805 

S      ,  S 

507,9041263  31 
372,3571101  49 
843,559    44  97 
855,902    19  74 
379,955      9  79 

864.8 
2,719 
7,490 
6,278 
4,334 

S               $ 

220,789i255  31 
293,263  107  86 
338,069    45  13 
132.349    21  08 
36,596     8  44 

Total  asbestos 

97.815  34 

106,519.9  2,959,677    27  79 

21,685.8  1,021,066   47  08 

Asbestic 

24.740     1    19,707 

0  80! 1 1 

In  the  absence  of  a  uniform  classification  of  asbestos  of 
different  grades  the  above  subdivisions  have  been  adopted  purely 
on  a  valuation  basis;  crude  No.  1  comprising  material  valued  at 
§200  and  upwards,  and  crude  Xo.  2  under  S200;  mill  stock  No.  1 
includes  stock  valued  at  from  S30  to  SlOO;  No.  2  from  SI 5  to 
S30;  No.  3  under  Slo. 

Output,  sales  and  stocks  in  1911  were  as  follows: — 


Output. 

Sales. 

Stock  on  hand 
Dec.  31. 

Tons. 

Tons. 

Value. 

Per 
ton. 

Tons. 

Value. 

Per 
ton. 

Crude  Xo.   1 

"           2 
Mill  Stock  Xo.'i; 

2. 

3^ 

1,467.9 
3.594.5 

20,379 

39,289 

31,572 

1,301.4 
3,562.7 

18.315 

47.826 

30.388 

$ 

342.855 
402.107 
916,678 
991.370 
269.052 

$ 

263  45 

112  87 

50  05 

20  73 

8  85 

1,256 
3,222.7 
8,471 
17,794 
3.823 

$ 

327,.508 
404,198 
380,570 
365.458 
31.367 

$ 

260  75 

125  42 

44  93 

20  54 

8  20 

Total  asbestos 
Asbestic 

96.302.4 

101,393.1 

2,922,062 

28  82 

34,566.7 

1,509.101 

43  66 

26.021 

21,046 

0  81I 
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Exports  of  asbestos  during  the  twelve  months  ending  Decem- 
ber 31,  1912,  are  reported  as  88,008  tons,  valued  at  S2,349.3o3 
as  against  75,120  tons,  valued  at  §2,067,259  exported  in  1911. 

Coal  ajid  Coke 

With  the  exception  of  a  partial  interruption  of  work,  on 
Vancouver  Island  during  the  last  three  months  of  the  year  due  to 
a  dispute  of  coal  miners,  coal  mining  was  actively  prosecuted  in 
all  important  coal  mining  districts  during  1912.  Thus  in  con- 
trast with  1911  when  the  output  was  seriously  reduced  by  a  long 
continued  strike  in  Southern  Alberta  and  British  Columbia  the 
production  in  1912  shows  a  very  large  increase. 

The  total  production  of  coal  during  the  past  year 
comprising  sales  and  shipments,  colliery  consumption,  and 
coal  used  in  making  coke,  &c.,  was  14,699,953  short  tons, 
valued  at  $36,349,299  as  against  11,323,388  tons  valued  at 
S26,467,646  in  1911  and  12,909,152  tons  valued  at  830,909,779 
in  1910.  The  1912  production  exceeded  all  former  outputs. 
Nova  Scotia  shows  an  increase  of  nearly  8  per  cent.,  British 
Columbia  an  increase  of  over  26  per  cent,  though  not  quite  up 
to  the  1910  production,  Alberta  an  increase  of  about  128  per  cent, 
over  1911,  and  19  per  cent,  over  1910.  The  other  provinces  show 
comparatively  little  change.  The  figures  for  the  Yukon  repre- 
sent the  production  from  the  Tantalus  field,  no  record  having  been 
received  of  the  output  below  Dawson. 

The  production  by  provinces  during  the  past  three  years  is 
given  below: — 


1910. 

1911. 

1912. 

Province. 

Tons.        i   \'alue. 

Tons.            Value. 

Tons.           Value . 

Nova  Scotia.  .  .  . 
British  Columbia 
Alberta.   .    . 

'          $ 

6,431,142    12,919,705 

3,330,745    10,408,580 

2,894,469      7,065,736 

181,156         293,923 

55.455         110,910 

16,185         110,925 

7,004,420 

2,542,532 

1,511,036 

206,779 

55,781 

2,840 

S 

14,071,379 

7,945.413 

3,979,264 

347.248 

111,562 

12,780 

1         S 
7,791,440  ,17,391,608 
3,220.899    10,065,311 
*3,446,.349      8,471,126 

Saskatchewan.  . . 
New  Brunswick. 
Yukon  Territory 

196,325         327,054 

42,780           85,560 

2,160  j          8,640 

Total 

12,909,152    30,909,779 

11,323,388    26,467,646 

14,699,953    36,349,299 

*  Stat 

istics  furnished  by  Mr. 

ohn  Stirling 

,  Inspector  c 

>f  Mines,  Alberta. 
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The  exports  of  coal  in  1912  were  2,127,133  tons,  valued  at 
$5,821,593  as  compared  with  exports  of  1,500,639  tons  valued  at 
$4,357,074  in  1911,  an  increase  in  exports  of  626,494  tons. 

Imports  of  coal  during  the  year  included  bituminous,  round 
and  run  of  mine  8,491 ,840  tons,  valued  at  $16,846,727 ;  bituminous 
slack  1,919,953  tons,  valued  at  $2,550,922  and  anthracite  4,184,- 
017  tons,  valued  at  $20,080,388,  or  a  total  of  14,595,810  tons, 
valued  at  $39,478,037. 

The  imports  in  1911  were  bituminous,  run  of  mine,  8,905,815 
tons;  bituminous  slack  1,632,500  tons,  and  anthracite  4,020,577 
tons,  or  a  total  of  14,558,892  tons. 

The  apparent  consumption  of  coal  in  1912  was  thus  27,168,- 
630  tons  as  against  an  apparent  consumption  in  1911  of  24,381,641 
tons. 

Coke. — The  total  production  of  oven  coke  in  1912  was 
1,411,219  tons,  valued  at  $5,352,520,  as  compared  with  a  produc- 
tion of  935,651  tons,  valued  at  $3,630,410  in  1911.  A  consider- 
able percentage  of  this  is  made  from  imported  coal. 

By  provinces  the  production  in  1912  w^as:  Nova  Scotia 
625,908  tons,  Ontario  379,854  tons,  Alberta  105,684  tons,  and 
British  Columbia  299,773  tons,  as  against  a  production  in  1911 
of:  Nova  Scotia  557,554  tons,  Ontario  259,554  tons.  Alberta 
36,216  tons,  and  British  Columbia  82,327  tons. 

The  quantity  of  coke  imported  during  the  calendar  year 
1912  was  628,174  tons,  valued  at  $1,702,856,  as  compared  with 
imports  of  751,389  tons,  valued  at  $1,843,248  in  1911. 

Petroleum  and  Natural  das 

The  annual  output  of  crude  petroleum  from  Canadian  oil 
wells  still  continues  to  decline,  the  production  having  steadily 
fallen  off  during  the  past  five  years.  Twelve  years  ago  Canada 
produced  about  50  per  cent,  of  the  domestic  consumption  of 
petroleum  and  its  products,  while  at  the  present  time  not  over  5 
per  cent,  of  our  consumption  is  derived  from  Canadian  oil  wells. 
The  output  in  1912  was  243,336  barrels  or  8,516,762  gallons, 
valued  at  $345,050,  as  compared  with  291,092  barrels  or  10,188,- 
219  gallons,  valued  at  $357,073  in  1911.  The  average  price  per 
barrel  at  Petrolea  in  1912  was  $1 ,418  or  considerably  higher  than 
the  average  price  in  1911,  which  was  $122/'3. 
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The  price  of  crude  oil  increased  steadily  through  the  year, 
rising  from  a  minimum  of  $1.24  in  January  to  a  maximum  of  -SI. 65 
in  the  latter  part  of  December. 

These  statistics  of  production  have  been  furnished  by  the 
Department  of  Trade  and  Commerce  and  represent  the  quantities 
of  oil  on  which  bounty  was  paid,  the  total  bounty  payments 
being  $127,751.39  in  1912  and  $152,823.29  in  1911. 

The  production  in  Ontario  by  districts  as  furnished  by  the 
supervisor  of  petroleum  bounties,  was  in  1912  as  follows  in 
barrels;  Lambton,  150,272;  Tilbury  and  Romney,  44,727;  Both- 
w'ell,  34,486;  Dutton,  4,335,  and  Onandago,  7,115;  or  a  total  of 
240,935  barrels.  This  agrees  very  closely  indeed  with  the  pro- 
duction in  Ontario  on  which  bounty  was  paid,  viz.,  240,657 
barrels.  In  1911  the  production  by  districts  was:  Lambton, 
184,450;  Tilbury  and  Romney,  48,708;  Bothwell,  35,244;  Dutton, 
6,732;  and  Onondago,  13,501. 

The  production  in  New  Brunswick  in  1912  was  2,679  barrels, 
as  against  2,461  barrels  in  1911  and  1,485  barrels  in  1910. 

Exports  entered  as  crude  mineral  oil  in  1912  were  18,500 
gallons  valued  at  $3,964  and  oil  refined,  36,945  gallons,  valued  at 
$6,147.  There  was  also  an  export  of  naptha  and  gasoline  of 
25,791  gallons,  valued  at  $4,261. 

The  decreased  production  has  been  accompanied,  particular- 
ly during  the  past  two  or  three  years,  by  a  very  large  increase  in 
imports  of  petroleum  and  petroleum  products.  The  total  im- 
ports of  petroleum  oils  crude  and  refined  in  1912  was  186,787,484 
gallons,  valued  at  $11,848,533  in  addition  to  2,144,006  pounds  of 
wax  and  candles  valued  at  $119,520.  The  oil  imports  included 
crude  oil,  120,082,405  gallons,  valued  at  $3,996,842;  refined  illu- 
minating oils,  14,748,218  gallons,  valued  at  $1,022,735;  gasoline 
40,904,598  gallons,  valued  at  $5,347,767;  lubricating  oils,  6,763,- 
800  gallons,  valued  at  $1,077,712  and  other  petroleum  products 
4,288,463  gallons,  valued  at  $413,477. 

The  total  imports  in  1911  were  116,892,689  gallons  of  petro- 
leum oils  crude  and  refined,  valued  at  $6,009,730  and  1,959,787 
pounds  of  wax  and  candles,  valued  at  $106,424.  The  oil  imports 
comprised  crude  oil,  71,653,251  gallons,  valued  at  $2,188,870; 
refined  and  illuminating  oils,  13,690,962  gallons,   valued  at  $722,- 
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403;  gasoline  23,338,773  gallons,  valued  at  Sl,976,032;  lubricating 
oils,  5,308,917  gallons,  valued  at  $806,452,  and  other  petroleum 
products,  2,900,786  gallons,  valued  at  $315,973. 

The  principal  increases  in  imports  have  been  in  crude  oil 
now  used  so  extensively  in  British  Columbia  by  the  railways  and 
in  gasoline. 

A'a^nra/  £-as. — While  the  production  of  petroleum  has  been 
declining,  the  output  and  use  of  natural  gas  has  been  steadily 
increasing.  The  southern  portion  of  Ontario  has  for  many  years 
been  the  principal  source  of  gas,  but  the  Albert  county  field  in 
New  Brunswick  is  now  an  important  producer  while  large  devel- 
opments are  taking  place  in  Alberta  with  such  a  rapid  increase  in 
output  of  gas  that  this  province  may  soon  take  first  place  as  a 
producer. 

The  total  production  in  Canada  in  1912  was  approximately 
15,015  million  feet,  valued  at  $2,311,126  and  includes  12,534 
million  in  Ontario,  valued  at  $2,045,488  and  2,481  million  feet 
in  Alberta,  valued  at  $265,638.  New  Brunswick  returns  have  not 
yet  been  received.  The  production  in  1911  was  reported  as 
11,644  million  feet,  valued  at  $1,907,678,  including  10,864 
million  feet  in  Ontario,  valued  at  $1^807,513  and  780  million 
feet  in  Alberta,  valued  at  $110,165.  These  values  represent 
as  closely  as  can  be  ascertained  the  value  received  by  the  owners 
or  operators  of  the  wells  for  gas  produced  and  sold  or  used. 
The  values  do  not  represent  what  consumers  have  to  pay,  since 
in  many  cases  the  gas  is  resold  once  or  twice  by  pipe  line  com- 
panies before  reaching  the  consumer. 

The  statistics  of  production  of  cement  given  herewith,  will 
be  subject  to  but  slight  variation  when  complete  returns  shall 
have  been  received.  Estimates  have  had  to  be  made  for  two 
firms  that  had  not  yet  reported  but  the  totals  given  are  probably 
within  a  half  of  one  per  cent,  of  the  final  returns.  The  record  for 
the  past  year  is  of  particular  interest,  in  view  of  the  undoubted 
widespread  demand  for  cement.  Congestion  of  freight  traflfic 
no  doubt  militated  somewhat  against  the  eastern  mills  supplying 
western  requirements  and  in  order  to  relieve  the  situation  the 
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Federal  government  reduced  the  duty  one-half  on  importations 
during  the  period  from  June  12  to  October  31,  inclusive.  Statis- 
tically the  important  features  of  the  industry  during  the  year 
were  an  increase  of  over  26  per  cent  in  the  Canadian  output,  an 
increase  of  over  116  per  cent,  in  imports  and  an  increase  of  over 
34  per  cent,  in  total  consumption.  Canadian  mills  supplied 
83.2  per  cent,  of  the  consumption  as  against  90  per  cent,  in  1911. 

The  total  quantity  of  Portland  cement,  including  slag  cement 
and  natural  Portland,  made  in  1912,  was  7,169,184  barrels.  The 
quantity  of  Canadian  cement  sold  or  used  was  7,120,787  barrels, 
valued  at  the  mills  at  §9,083,216  or  an  average  of  SI. 27^  per 
barrel.  The  total  imports  of  cement  were  5,020,446  cwt. 
equivalent  to  1,434,413  barrels  of  350  pounds  each,  and  valued 
at  $1,969,529,  or  an  average  of  SI. 37  per  barrel.  The 
total  consumption  of  Portland  cement  therefore,  neglecting  a 
small  export  of  Canadian  cement,  was  approximately  8,555,200 
barrels. 

Detailed  statistics  of  production  during  the  past  four  years, 
are  shown  as  follows: — 


1909. 


1910. 


1911. 


1912. 


Portland  Cement  sold 

manufactured 

Stock  on  hand  [an.  1st 

Dec.  31 


\'alue  of  cement  sold  . 

Wages  paid 

Men  employed 


Brls. 

4,067,709 
4,146,708 
1,098,239 
1,177,238 

$ 
5.345,802 
1,266,128 
2,498 


Brls. 

4,753,975 

4,396,282 

1,189,731 

832,038 

$ 

6,412,215 

1,409,715 

2  220 


Brls 

5.692 

5,677 

918 

903 

.1 

7,644 

2,103 

3 


,915 
,539 
965 
,589 

,537 

,838 
,010 


Brls. 

M20,787 

',169,184 

904,165 

952,562 

$ 

),083,216 

J,591,090 

3,379 


The  average  price  per  barrel  at  the  works  in  1912  was  $1.27^ 
as  compared  with  SI. 34  in  both  1911  and  1910. 

The  imports  of  cement  already  shown  included  130,580 
barrels  from  Great  Britain,  1,280,958  barrels  from  the  United 
States,  6,107  barrels  from  Belgium,  15,857  barrels  from  Hong 
Kong,  and  911  barrels  from  other  countries.  The  average 
price  per  barrel  was  SI. 37  as  against  an  average  value  of  SI. 26 
on  imports  in  1911,  in  which  year  the  total  imports  were  661,916 
barrels  valued  at  $834,879.  These  included  190,506  barrels  from 
the  United  Kingdom,  441,317  barrels  from  the  United  States  and 
30,093  barrels  from  other  countries. 
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The  consumption  of  Portland     cement  in  Canada  during 
each  of  the  past  five  years  is  shown  as  follows: — 

Annual  Consiimptioyi  of  Portland  Cement 


Ann7ial  Mineral  Production  iti  Canada  Since  iSS6. 


Year. 


1886 
1887 
1888 
1889 
1890 
1891 
1892 
1893 
1894 
189.5 
1896 
1897 
1898 
1899. 
1900 
1901 
1902, 
1903, 
1904 
1905 
1906 
1907 
1908 
1909 
1910, 
1911. 
1912 


Value   of 
production. 


Value  per 
capita. 


$  cts. 


10,221,255 

2  23 

10,321,331 

2  23 

12,518.894 

2  67 

14,013,113 

2  96 

16,763,3.53 

3  50 

18,976,61(5 

3  92 

16,623,415 

3  39 

20.035,082 

4  04 

19,931,158 

3  98 

20,505,917 

4  05 

22,474,256 

4  38 

28,485,023 

5  49 

38,412,431 

7  32 

49,234,005 

9  27 

64,420,877  i 

12  04 

65,797,911 

12  16 

63,231,836  i 

11  36 

61,740,513  1 

10  83 

60,082,771 

10  27 

69,078,999  i 

11  49 

79,286.697  1 

12  81 

86,865,202 

13  75 

85,. 557, 101  .1 

13  16 

91,831,441 

13  70 

106,823,623 

14  93 

103,220,994  ! 

14  42 

133,127,489 

18  01 
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Exports  of  Products  of  the  Mine  and  Matin/acturers  oj 
Mine  Products,   Year  igi2. 

(Compiled  from  Trade  and  Navigation  Monthly  Statements). 


Products. 


Quantity.  \'alue. 


Arsenic Lbs 

Asbestos Tons. 

Barytes Cwt.i 

Coal Tons.j 

Feldspar "     ' 

Gold 

Gypsum Tons.| 

Copper,   fine  in  ore,  etc Lbs. 

black  or  coarse  and  in  pigs "    j 

Lead,   in  ore,  etc 

"       pig,  etc 

Nickel,  in  ore,  etc 

Platinum Ozs. 

Silver 

Mica Lbs. 

Mineral  Pigments " 

Mineral  Water Galls. 

Oil,  mineral,  crude,  etc "     i 

Oil,  refined "     ' 

Ores- 
Antimony  Tons. 

Corandum .     "     ' 

Iron "     I 

Manganese 

Other  ores "     \ 

Phosphates " 

Plumbago Cwt. 

Pyrites Tons. 

Salt Lbs. 

Sand  and  gravel Tons. I 

Stone,  ornamental "     | 

building " 

"        for  manufacture  of  grindstones....      "     i 
Other  products  of  the  mine 


3,847,906 

88,008 

68 

2,127,133 
12,779 


364,643 

76,542,643 

1,945.921 

,      299,240 


44,221,860 

92 

34,911,922 

895,388 

6,032,640 

9,608 

18,500 

36,945 


1,928 

118,129 

10 

15.573 


33,074 

5.938 

289,150 

660,090 

2.339 

108,516 


Total  mine  prod  nets. 


101,310 

2,349,353 

114 

5,821, .593 

44,114 

10,014,654 

423,208 

8,800,267 

236,212 

8,193 


4,661,758 

3,821 

19,494,416 

334,054 

34,513 

4,667 

3,964 

6,147 


205,819 

382,005 

300 

530,270 


70,763 

11,935 

3,723 

459,952 

1,826 

28,795 


311,851 


.54.349.597 


Ontario  Mineral  Statistics,  1912 

Mr.  Thos.  \V.  Gibson,  Deputy  Minister  of  Mines  of  Ontario, 
presented  the  following  returns: 

The  total  value  of  the  various  mineral  products  of  the 
Province  for  the  year  ending  December  31st,  1912,  was  $47,471,- 
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990,  an  increase  of  13  per  cent,  compared  with  the  production 
during  1911.  Theyear  just  closed  was  one  of  the  most  prosperous 
in  the  history  of  the  industry  in  this  Province.  The  yield  is 
shown  in  detail  in  the  appended  table: 

I\[ineral  Production  of  Ontario,  i(^i2 


Metallic- 


Quantity 


Value 


Gold Ozs 

Silver 

Copper Tons 

Nickel " 

Iron  ore 

Pig  iron 

Lead   (concentrate) " 

Cobalt  oxides,  etc Lbs 

Nickel  oxides 

Less  Ontario  ore  smelted  into  pig  iron,  7L589 
tons 

Non-Metallic 

Arsenic  (refined) Lbs. 

Brick  (common) No. 

Tile  (drainj " 

Brick,  paving,  fancy,  etc 

pressed 

Building  and  crushed  stone 

Calcium  carbide Tons. 

Cement,  Portland Bbls. 

Corundum Tons. 

Feldspar " 

Graphite  (refined) " 

Ciypsum " 

Iron  pyrites " 

Lime Bush. 

Mica Tons. 

Natural  Gas 

Peat Tons. 

Petroleum Imp.  gals. 

Pottery 

Quartz Tons. 

Salt " 

Sewer  Pipe 

Talc Tons. 

Total  non-metallic  production 

Add  net  metallic  production 

Total  production 


89,080 

%   1,859,285 

30,322,805 

17,455,080 

11,116 

1,581,062 

22,421 

4,722,040 

117,357 

238,884 

589,593 

8,054,369 

26 

1,290 

1,029,532 

317,165 

117,160 

11,716 

34,240,891 

145,326 

34,095,565 

3,927,347 

79,297 

385,000,000 

3,178,250 

lt),4G3,000 

279,579 

5,631,000 

126,286 

65,028,000 

627,669 

953,839 

1,998 

120,000 

3,028,486 

3,373,6.53 

1,960 

233,212 

12,133 

24,416 

1,246 

()5,076 

31,331 

50,24() 

20,677 

70,694 

2,297,525 

381,672 

318 

36,634 

2,267,897 

175 

725 

8,432,730 

344,537 

52,445 

94,758 

179, .576 

90.986 

4.50,251 

427,353 

5,902 

53,118 

13,376,425 

34,095,565 

$47,471,990 
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Gold. — For  the  first  time  in  the  history  of  Ontario  there  was 
a  substantial  production  of  gold.  In  1911  the  output  had  a 
value  of  S42,637;  in  1912  of  $1,859,285.  The  explanation  is 
found,  of  course,  in  Porcupine,  where  the  mines  came  into  yield 
during  the  year.  The  Hollinger  and  Dome  are  the  leading  prop- 
erties, and  furnished  the  bulk  of  the  production,  but  there  are  a 
number  of  smaller  mines,  several  of  which  contributed  to  the  yield 
and  others  whose  stamp  mills  arc  not  yet  completed  for 
operation.  This  group  comprises  the  Mclntyre,  Vipond,  Jupiter, 
McEnany  and  others.  An  unfortunate  labour  strike  occurred 
in  November,  and  to  some  extent  lessened  the  output  of  bullion. 
In  other  gold  districts  such  as  Swastika,  Larder  Lake  and  Munro- 
Guibord,  a  good  deal  of  development  work  has  been  done,  but  the 
eraof  steady  production  has  not  yet  set  in.  At  Long  Lake  the  stamp 
mill  has  been  waiting  for  power,  now  nearly  ready  for  delivery. 
The  St.  Anthony  mine  at  Sturgeon  Lake  and  the  Cordova  mine 
in  Peterborough  county  both  yielded  considerable  bullion. 

Silver. — Cobalt  well  maintained  its  rate  of  production,  the 
output  of  silver  being  a  little  over  a  million  ounces  less  than  in 
1911.  Owing,  however,  to  the  higher  prices  for  silver,  the  money 
return  to  the  mining  companies  was  greater  by  about  one  and 
a  half  millions  of  dollars.  It  would  appear  as  if  the  crest  of 
production  at  Cobalt  were  reached  in  1911,  and  that  the  des- 
cending curve  brought  the  output  in  1912  to  nearly  the  same 
level  as  in   1910. 

The  total  production  since  the  opening  of  the  mines  has 
amounted  to  nearly  156  million  ounces,  and  the  total  value  to 
about  82  million  dollars,  as  follows: — 


Year. 

Ounces. 

Value. 

1904 

206,875 
2,451,3.56 
5,401,766 
10,023,311 
19,437,875 
25,897,825 
30,645,181 
31,507,791 
30,260,635 

S     111  887 

1905 

1906 

1907 

1,.360,.503 
3,667,551 
6,155,391 

1908 

9,133  378 

1909 

12,461,576 

1910 

15,478,047 

1911 

15,953,847 

1912 

17,455,080 

Total 

155,832.615 

$81,777,230 
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The  tendency  towards  final  treatment  of  the  ore  in  the  camp 
is  manifested  in  the  increased  shipments  of  bullion,  consignments 
of  which  amounted  to  5,0»71,897  ounces  in  1912  as  against  3,132,- 
976  ounces  in  1911.  The  Nipissing  and  BufTalo  mines  are  now- 
equipped  for  reducing  their  entire  output  to  merchantable  bars 
on  the  spot.  Nevertheless,  the  tonnage  of  ore  and  concentrate 
shipped  to  outside  points  was  larger  than  in  1911,  the  respective 
C}uantities  being  17,959  tons  ore,  and  11,214  tons  concentrate,  as 
compared  with  17,278  tons  ore,  and  9,375  tons  of  concentrate  in 
1911.  The  >'car  of  largest  shipments  was  1910,  when  27,437  tons 
ore  and  6,845  tons  concentrate  left  the  camp. 

The  largest  producers  during  the  year  were  as  follows: 

Nipissing 4,680,670  ounces 

C'oniagas 3,703,942 

La  Rose 2,920,344 

Crown   Reserve 2,714,765 

McKinley-Darragh  Savage 2,694,560 

Kerr  Lake L895,309 

Buffalo L890,1.50 

Cobalt  Townsitc L505,396 

Temiskaming L217,994 

O'Hric-n 1,09L631 

In  Gowganda  three  mines — Miller-Lake  O'Brien,  Millerctt 
and  Mann —  produced  in  all  549,976  ounces,  and  in  South  Lorrain 
one — Wettlaufcr-Lorrain —  834.119  ounces.  The  T.  &  N.  O. 
railway  branch  line  from  Earlton  to  Elk  Lake  is  now  in  opera- 
tion. 

As  in  previous  \-ears,  the  larger  proportion  of  the  high-grade 
ore  and  concentrate  produced  at  Cobalt  w^as  treated  in  refineries 
situated  in  Ontario,  the  principal  works  being  those  at  Copper 
ClifT,  Deloro,  Thorold  and  Orillia.  At  Deloro  and  Thorold,  also 
at  a  small  refiner\-  opened  during  the  year  at  North  Bay,  the 
oxides  of  cobalt  and  nickel  are  produced  and  large  shipments 
made,  both  of  refined  cobalt  oxide  and  of  the  mixed  oxides  of 
cobalt  and  nickel,  to  the  United  States  and  European  markets. 
Another  by-product  turned  out  by  the  refineries  is  white  arsenic, 
of  which  nearly  four  million  pounds  were  made  during  the  year. 

There  was  paid  out  in  di\idends  by  siher  mining  companies 
in  the  Cobalt  camj)  over  seven  million  dollars  in  1912.  The  total 
distribution  of  profits  since  the  beginning  of  the  camp  has  been 
close  upon  41  millions  of  dollars  on  a  gross  aggregate  return  for 
sales  of  silver  of  $81,777,260. 
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New  and  important  silver-bearing  veins  were  found  at  La 
Rose,  Cart  Lake  (Seneca  Superior),  Casey  Cobalt,  etc.  The  last 
named  mine  is  significant  of  the  possibilities  of  the  conglomerate, 
situated  as  it  is,  on  an  outlier  of  this  formation  some  14  or  15 
miles  distant  from  Cobalt  proper.  The  finding  of  good  ore  by  the 
Beaver  mine  in  the  diabase  underlying  the  Keewatin,  and  the 
prehabitation  of  the  Cobalt  Townsite  mine  were  other  features 
of  the  year. 

Platinum  and  Palladium. — It  is  well  known  that  platinum 
is  associated  in  small  quantities  with  the  chalcopyrite  in  the 
nickel-copper  ores  of  the  Sudbury  district.  Accompanying  the 
platinum  is  palladium,  a  silvery-white  metal  of  the  same  group, 
which  finds  its  chief  uses  in  the  manufacture  of  astronomical 
instruments,  watch-making  and  dental  work.  There  were 
recovered  by  the  Orford  Copper  Works,  New  Jersey,  in  refining 
the  nickel-copper  mattes  produced  at  Copper  Cliff  during  the  six 
years  1907  to  1912  inclusive,  2,864  ounces  of  platinum  and  4,896 
ounces  of  palladium,  together  with  15,675  ounces  of  gold  and 
459,250  ounces  of  silver.  It  cannot  be  specifically  stated  that  this 
entire  production  was  from  the  nickel-copper  ores,  since  certain 
residues  from  other  mines  are  treated  along  with  the  matte  in  the 
process  of  refining.  Doubtless,  however,  a  large  proportion  is 
traceable  to  the  nickel  and  copper-carrying  p\'rrhotite.  The 
\alue  of  the  production  was  about  S817,030. 

Xickil. — Leaving  out  of  account  the  nickel  constituents  of 
the  ores  raised  from  the  silver  mines  of  Cobalt,  the  production  of 
nickel  in  1912  amounted  to  22,421  tons,  being  5,372  tons,  or  31.5 
per  cent.,  in  excess  of  the  production  of  1911.  There  were  725,065 
tons  of  ore  smelted,  the  matte  produced  aggregating  41,925  tons. 
The  mines  operated  by  the  Canadian  Copper  Company  were 
Creighton,  Crean  Hill,  and  No.  2,  and  by  the  Mond  Nickel 
Company,  Victoria  No.  1  and  Garson.  About  2,000  tons  of  ore 
were  treated  by  the  latter  Company  from  the  Alexo  mine,  a  new 
deposit  in  the  township  of  Dundonald  on  the  Temiskaming  and 
Northern  Railway,  now  being  opened  up. 

Systematic  and  extensive  operations  with  the  diamond  drill 
by  the  several  companies  in  the  Sudbury  region  hav^e  proven  the 
existence  of  very  large  reserves  of  nickel  ore.  At  the  Murray 
mine,  the  Dominion  Nickel  Copper  Company  discovered  a  large 
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body  of  ore  some  distance  away  from  the  outcropping  of  the 
former  workings;  at  the  Frood  mine,  the  property  of  the  Canadian 
Copper  Company,  the  drill  revealed  what  is  believed  to  be  the 
most  extensive  body  yet  discovered;  and  the  Mond  Nickel  Com- 
pany have  located  an  extension  of  the  Frood  on  their  side  of  the 
boundary  line.  The  Dominion  Company,  which  had  large 
holdings  on  the  northern  nickel  range,  including  the  Whistle 
mine,  after  acquiring  the  Murray  mine,  formerly  owned  by  the 
Vivians,  and  the  Gertrude  and  Elsie  mines,  which  belonged  to  the 
Lake  Superior  Corporation,  have  sold  out  to  a  new  company, 
said  to  represent  the  Rothschild  interests.  The  prospects  are  for 
a  large  expansion  in  nickel  mining  in  the  near  future. 

Copper. — Copper  was  produced  to  the  extent  of  11,116  tons, 
almost  wholly  from  the  Sudbury  district,  where  it  occurs  associat- 
ed with  nickel.  The  output  for  1911  was  8,966  tons,  the  increase 
for  the  year  being  about  24  per  cent. 

Iron  Ore  and  Pig  Iron. — The  quantity  of  iron  ore  mined  in 
Ontario  in  1912  was  less  than  in  1911  by  58,274  tons.  Shipments 
were  from  the  Moose  Mountain,  Helen  and  Bessemer  mines. 
The  Grondal  concentration  plant  at  Moose  Mountain  and  the 
roasting  equipment  at  the  Magpie  mine  (Lake  Superior  Corpora- 
tion) are  now  both  nearly  completed,  and  if  successful  in  practice 
will  inaugurate  the  utilization  of  the  low-grade  iron  ore  deposits 
of  the  Province. 

The  output  of  pig  iron  was  589,593  tons,  as  against  526,610 
tons  in  1911.  The  number  of  blast  furnaces  in  operation  was 
eight,  as  follows:  Algoma  Steel  Company,  Sault  Ste.  Marie,  3; 
Canada  Iron  Corporation,  Midland,  2;  Steel  Company  of  Canada, 
Hamilton,  2;  Standard  Iron  Company,  Deseronto,  1. 

Ihiilding  Materials. — The  building  trade  was  brisk  in  the 
cities  and  towns  of  Ontario,  and  there  was  an  increased  output  of 
construction  materials  as  compared  with  1911,  notably  in  brick 
and  stone,  also  a  small  increase  in  Portland  cement.  Lime  showed 
a  falling  off.  The  beautiful  marbles  afforded  by  the  quarries 
at  Bancroft  are  coming  into  use  for  decorative  purposes,  especially 
in  public  buildings.  Trap  rock  is  also  quarried  in  Hastings 
county  and  used  in  the  making  of  good  roads  near  Toronto  and 
elsewhere.  The  whole  production  of  building  materials  amounted 
in  value  to  $8,641,369. 
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Petroleum  and  Natural  Gas. — The  yield  of  petroleum  again 
shows  a  decline,  the  quantity  raised  from  the  wells  of  Lambton 
and  Kent  counties  being  8,432,730  Imperial  gallons  as  against 
10,102,081  gallons  in  1911.  Natural  gas  shows  an  increase,  the 
output  in  1912  having  a  value  of  $2,267,897  as  compared  with 
$2,186,762  the  previous  year. 

Minor  Products. — There  is  a  long  list  of  mineral  substances 
produced  in  Ontario,  none  of  them  of  prime  importance,  yet 
contributing  to  the  aggregate  output,  and  constituting  the  basis 
of  considerable  industries.  Among  these  are  corundum,  which 
shows  an  increased  production  in  1912  of  $86,054;  graphite, 
increase  $28,584;  feldspar,  decrease  $27,194:  gypsum,  increase 
$17,711;  iron  pyrites,  decrease  $47,763;  mica,  decrease  $6,424; 
pottery,  increase  $1,945;  quartz,  increase  $115,171 ;  salt,  increase 
$19,416,  and  talc,  increase  $5,393.  In  most  cases  the  raw 
material  is  abundant  and  could  easily  respond  to  a  much  larger 
demand. 

Profits. — The  profits  derived  from  the  mineral  industry  of 
Ontario  are  considerable.  Taking  the  Province  as  a  whole, 
dividends  to  shareholders  in  1912  would  approximate  14  or  15 
million  dollars.  They  were  obtained  principally  from  the  silver 
ores  of  Cobalt  and  the  nickel-copper  mines  of  Sudbury,  but  were 
contributed  to  also  by  the  building  materials,  oil,  natural  gas, 
salt,  feldspar,  talc  and  other  substances  raised  principally  in 
eastern  and  south-western  Ontario. 

Mining  Accidents  in  Ont.\rio 

Mr.  E.  T.  CoRKiLL,  Provincial  Inspector  of  Mines,  reported 
that  "during  the  year  1912  in  and  about  the  mines  regulated  by 
the  Mining  Act  of  Ontario  there  were  30  fatal  accidents,  which 
caused  the  death  of  32  men.  The  fatalities  below  ground  num- 
bered 26,  and  above  ground  6.  Altogether  at  the  mines,  metal- 
lurgical works  and  quarries  regulated  by  the  Mining  Act,  there 
were  40  fatal  accidents,  causing  the  death  of  43  men,  a  decrease 
of  6  from  the  number  killed  in  1911. 

"The  total  number  of  serious  accidents  in  the  mines  of 
Ontario  reported  to  the  Bureau  of  Mines  in  1912  was  238,  result- 
ing in  32  killed  and  216  injured;  of  these  casualties,  186  occur- 
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red  below  ground  and  62  above.  The  fatal  accidents  took  place 
in  mines  operated  by  19  different  companies.  At  metallurgical 
works  there  were  128  accidents,  which  caused  the  death  of  10  and 
serious  injuries  to  122  men.  The  total  number  of  accidents 
during  the  year  1912  at  the  various  mines  and  works  regulated  by 
the  Mining  Act  of  Ontario  is  therefore  370,  causing  the  death 
of  43  and  injuries  to  341  men. 

"A  comparison  of  the  causes  of  the  fatalities  at  the  mines 
for  1911  and  1912  is  shown  in  the  following  table: 


Cause. 


1911.  1912. 

Per  cent.     I     Per  cent. 


Falls  of  ground 

Shaft  Accidents 

Explosives 

Miscellaneous  (underground) 
Surface 


ry.o 

9.4 

22.2 

25.0 

44.5 

21.9 

19.5 

25.0 

8.3 

18.7 

"The  following  classification  distributes  the  responsibility 
for  the  cause  of  the  fatalities  at  the  mines: — 

1.  Fatalities  due  to  danger  inherent  to  the  work  itself.  .  10  or  23.3  percent. 

2.  Fatalities  arising  out  of  defects  in  the  mine  workings.  8  or  18.6     " 

3.  Fatalities  due  to  fault  of  fellow  workmen 1  or    2.3       " 

4.  Fatalities  due  to  fault  of  injured  person 23  or  53.5       " 

5.  Fatalities  unclassifiable 1  or    2.3       " 


"There  were  employed  at  the  producing  and  non-producing 
mines  in  1912  approximateh',  9,500  men.  At  these  mines  32  men 
were  killed,  which  is  equivalent  to  3.36  per  1,000  men  employed. " 

Quebec  Mineral  St.a.tistics,  1912 


Mr.  Theo.  Denis,  Superintendent  of  Mines,  of  Quebec, 
presented  the  following  preliminary  statement: 

The  total  value  of  the  mineral  production  of  the  Province 
for  the  year  ending  December  31st,  1912,  was  $11,017,046,  as 
compared  with  a  production  valued  at  $8,679,786  in  1911.  The 
yield  in  detail  was: 
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Substances 


Production  1912 


Asbestos Tons. 

Asbcstic " 

Copper  &  Sulphur  Ore " 

(iold Ozs. 

Silver 

Bog  Iron  Ore Tons. 

Ochre " 

C'hromite " 

Mica 

I'hosphate Tons. 

( iraphite Lbs. 

Mineral  Water Gals. 

Titaniferous  Ores Tons. 

Slates Squares 

Cement Bbls. 

Magncsite Tons. 

Marble 

Flagstone 

(".ranitc 

Linu' Bush. 

Limestone 

Bricks M 

Tiles,   Drain  &  Sewer  Pipe, 

Pottery,  etc  

Kaolin Tons. 

Feldspar " 

Peat " 

( jlass  Sand 

Sand 

Quartz 


Quantities 


111,175 

24,471 

62,107 

980 

26,526 


7,054 


164 

1,210,278 

39,452 

2,949 

1,894 

2,684,002 

1,714 


1,705,937 
1(K),146 


40 
110 
500 
152 
152 


\  alue 


Value  in 
1911 


$3,059,084 

23,358 

631,963 

19,924 

14,591 


32,010 


99,463 

1,640 

50,680 

9,854 

4,935 

8,939 

3,098,350 

9,645 

250,939 

600 

358.749 

455,570 

1,361,082 

1,284,232 

203,100 

520 

2.2(M) 

2.0(X) 

418 

418 


SI  1,017,046 


$3,026,306 

19,802 

240,097 

11,800 

11,500 

4,041 

28,174 

2,469 

76,428 

5,832 

33,613 

65,648 

5,684 

8,248 

1,931,183 

6,416 

143,4.57 

500 

308,545 

284,334 

1,128,402 

1,129,480 

142,223 

600 

700 

1,179 

1,179 

1,125 


§8.679,786 


Asbestos. — Asbestos,  as  in  the  past  years,  heads  the  hst  of 
the  products  of  the  Quebec  mines  in  1912.  After  having  passed 
through  a  severe  crisis,  the  asbestos  market  is  steadily  improving. 
This  is  specially  true  for  the  higher  grades,  crude  and  long  fibre 
mill-stock.  The  demand  for  the  short  mill-stock  is  not  brisk, 
and,  as  a  consequence,  the  qualities  under  S30  a  ton  have  to  be 
sacrificed    to   some   extent. 

Shipments  during  the  past  three  years  were: 

1912        1911         1910 

Tons 111,175  102,224  80,605 

Value .?3,059,084  $3,026,306  §2,667,829 

Average  Value  per  ton $27.52  $29.60  $33.10 
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The  stocks  on  hand  at  December  31st,  1910,  represented 
41,159  tons,  valued  at  $1,921,923;  in  1911,  33,751  tons,  valued  at 
$1,583,076;  and  in  1912,  24,176  tons,  valued  at  $1,102,206.  In 
1912,  the  shipments  increased  8.75  per  cent.,  although  the  in- 
crease in  value  was  1.07  per  cent.  only. 

Copper  and  Sulphur  Ores. — The  increase  in  the  price  of 
copper  which  prevailed  during  1912  as  compared  with  1911  natur- 
ally caused  a  renewal  of  activity  in  the  copper  mines  of  the 
Eastern  townships.  This  was  manifested  by  a  marked  increase 
in  the  shipments  of  copper  and  sulphur  ore,  which  this  year 
amounted  to  62,107  tons,  valued  at  $631,963  for  their  copper  and 
sulphur  contents;  as  compared  with  38,554  tons  valued  at 
$240,097  in  1911.  The  chief  producing  mines  were  the 
McDonald,  at  Weldon,  and  the  Eustis  at  Capelton. 

Gold  and  Silver. — The  gold  production  of  the  Province 
amounted  to  980  oz.,  and  was  in  part  recovered  from  the  copper 
ores  of  the  Eastern  Townships,  and  in  part  from  gold  gravels  near 
Beauceville. 

Other  Minerals. — It  is  worthy  of  note  that  2,949  tons  of 
titaniferous  ores  were  shipped,  as  ores  of  titanium,  to  the  United 
States  during  the  year,  from  mines  at  St.  Urbain,  and  at  Ivry, 
near  St.  Jerome.  As  a  result  of  satisfactory  market  conditions,  a 
substantial  increase  in  the  production  of  mica  is  recorded.  The 
graphite  production  was  entirely  derived  from  mines  in  the 
Buckingham  district.  A  modern  mill  is  meanwhile  being  erected 
at  St.   Remi,  Amherst  township. 

British  Columbia  Mineral  Production,   1912 

Mr.  W.  Fleet  Robertson,  Provincial  Mineralogist  of 
British  Columbia,  presented  the  following  review  and  estimate 
of  the  Province's  mineral  production  for  the  year,  1912: 

Conditions  during  the  year  1912  were,  on  the  whole,  favour- 
able to  an  increased  mineral  production,  and  the  results  obtained 
must  be  regarded  as  highly  satisfactory,  although  in  some  res- 
pects the  earlier  expectations  were  not  fully  realized ;  for  instance, 
an  unusually  dry  and  short  working  season  affected  the  pro- 
duction of  placer  gold ;  the  yield  of  lode  gold  also  fell  short  of  earlier 
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expectations.  The  production  of  lead  also  seems  to  have  been 
somewiiat  less  than  had  been  anticipated,  although  it  is  quite 
possible  that  it  will  be  found  to  have  been  underestimated. 

In  coal  also  the  increase  in  production  is  smaller  than  had 
been  anticipated,  but  this  is  explained  by  the  fact  that  during 
the  last  quarter  of  the  year,  labour  troubles  affected  adversely 
the  output  of  the  Cumberland  and  Extension  Collieries  on  Van- 
couver Island.  With  these  exceptions,  however,  conditions  were 
favourable  for  the  production  of  minerals  in  larger  quantities 
than  in  several  years  past. 

Average  prices  for  the  year  of  silver  and  copper,  especially 
of  the  latter,  induced  efforts  to  maintain  production  on  as  large  a 
scale  as  was  practicable;  one  of  the  good  results  was  an  output 
of  copper  that,  as  regards  both  cjuantity  and  total  value,  is  the 
highest  on  record  in  the  Province. 

British  Columbia's  proportion  of  the  mineral  production  of 
the  whole  of  Canada  continues  to  be  comparatively  large.  The 
aggregate  value  of  the  production  of  this  Province  to  the  end  of 
1912  is,  approximately,  $430,000,000,  but  since  the  published 
official  records  for  the  whole  Dominion  do  not  include  pro- 
duction prior  to  1886,  the  present  comparison  must  be  restricted 
to  the  period  of  twenty-seven  years — 1886-1912.  Placing  the 
aggregate  for  all  Canada  at  $1,352,000,000  (which  allows  for  1912 
a  Dominion  total  of  SI  16,000,000,  an  amount  neariy  $13,000,000 
greater  than  that  of  1911),  and  British  Columbia's  proportion 
for  the  same  period  at  $365,000,000,  it  follows  that  this  Province 
has  to  be  credited  with  about  27  per  cent,  of  the  aggregate  value 
of  the  mineral  production  of  the  wiiole  of  Canada  in  the  twenty- 
seven-year  period  under  notice. 

It  is  a  striking  fact,  as  indicating  the  substantial  increase  in 
the  value  of  the  mineral  production  of  the  Province  in  recent 
years,  as  compared  with  that  of  less  than  twenty  years  ago,  that 
nearly  36  per  cent,  of  $365,000,000  mentioned  above  as  the 
aggregate  of  production  for  twenty-seven  years  is  to  be  credited 
to  the  last  five  years,  1908-1912,  while  nearly  one-half  was  pro- 
duced during  seven  years,    1906-1912. 

The  following  table  shows  the  quantities  and  value  of  the 
sev'eral  minerals  produced  in  the  year  1911,  and  the  estimated 
production  in  1912.     It  may  here  be  explained  that  the  prices 
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used  in  calculating  the  estimated  value  for  1912  of  silver,  lead, 
copper,  and  zinc  are  the  average  prices  for  the  year,  as  published 
in  The  Engineering  and  Milling  Journal ^  New  York,  less  deduc- 
tions, in  the  case  of  silver,  of  5  per  cent.;  lead,  10  per  cent.; 
and  zinc,  15  per  cent. 
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Alberta  Coal  Statistics,  1912 

The  following  information  was  communicated  to  the  Secre- 
tary by  Mr.  John  T.  Stirling,  Chief  Inspector  of  Mines,  of 
Alberta : 

It  will  be  noted  from  the  following  tables  that  the  output  for 
the  year  1912  shows  an  increase  of  1,751,785  tons  over  the  year 
1911,  and  an  increase  of  409,592  tons  over  the  year  1910.  The 
small  output  for  the  year  1911  was  due  to  the  fact  that  operations 
were  discontinued  in  all  the  large  mines  in  the  southern  part  of  the 
Province  owning  to  a  strike  which  continued  for  a  period  of 
practically  eight  months. 


Year. 


1901. 
1902 . 
1903. 
1904. 
190.5 . 
1906. 
1907. 
1908. 
1909. 
1910. 
1911. 
1912. 


Output  in  tons  for 
X.W.T.  (Alber- 
ta and  Sask- 
atchewan) 


346,649 
510.674 
622,939 
782,931 


( )utput  in  tons 
Alberta. 


811,228. 
1.385,000. 
1,834,745. 
1,845,000. 
2,174,329. 
3,036,757 . 
1,694,.564. 
3,446.349 . 


The  above  figures  show^  that  there  was  an  increase  during 
the  year  1912,  of  103.37  per  cent,  over  the  year  1911,  and 
an  increase  of  13.48  per  cent,  over  the  year  1910. 


C/assiJicatio)i  of  Outputs  During  the  }Wir  igi2: 


Tons. 


Lignite  coal 1,341,389 

Bituminous  coal 1,926,371 

Anthracite  coal 178,589 

Coal  used  in  coke  production 170,818 

Coke  produced 105,684 

Briquettes  produced 90,000 
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The  above  table  shows  there  has  been  an  increase  in  the 
output  of  lignite  coal  of  39.04  per  cent,  over  the  year  1911,  and 
52.78  per  cent,  over  the  year  1910,  and  an  increase  in  the  output  of 
bituminous  coal  of  196.48  per  cent,  over  the  year  1911  and  1.55 
per  cent,  over  the  year  1910,  and  an  increase  in  the  output  of 
anthracite  coal  of  122.90  per  cent,  over  the  year  1911  and  a  de- 
crease of  31.78  below  that  of  the  year  1910. 

The  following  table  indicates  how  the  bituminous  coal 
outputs  from  the  different  Inspection  Districts  in  the  Province 
were  disposed  of: 


Tons  of  2,000  lbs 


Crows-  I 
nest      I/-  I 
Pass.     ;Calgary. 


Sold  for  consumption  in  Alberta ...  j  1,081,057  245,714 


Sold  for  consumption  in  other  Prov 
Sold  for  export  to  the  United  States 

Total  sales 


I'scd  in   making  coke 

Used  under  colliery  boilers. 
To  stock 


98,399 
86,682 


1,266,738  245,714 


170,818 

79,533j    11,510 
7,727       2,215 


Edmon- 
ton. 


Total 


Total 1,524.816  259,439 


125,636 


1,453,007 
98,399 
86,682 


125,636  11,638,088 


170,818 
95,463 
22,002 


4,420 
12,060 


142,116    1,926,371 


The  following  table  indicates  how  the   anthracite  coal  and 
briquette  outputs  of  the  Province  were  disposed  of: 


Tons  of  '^  000  lbs 

Calgary  District 

Coal 

Briquettes 

Sold  for  cf)nsum[)t  ion  in  .Alberta 

21,700 

12, .589 

300 

(■)0,00() 

Sold  for  consumption,  other  Provinces 

29,920 

Sold  for  export  to  the   United  States 

80 

Total  sales 

34,589 

36,000 
108,000 

90,000 

Used  under  colliery  boilers 

Used  in  making  briquettes 

Total 

178,589 

90,000 
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The  following  table  indicates  how  the  lignite  coal  outputs 
from  the  different  Inspection  Districts  in  the  Province  were 
disposed  of: 


Tons  of  2,000  lbs. 


Sold  for  consumption  in  Alberta.  .  . 
Sold  for  consumption  in  other  Prov. 
Sold  for  export  to  the  United  States 

Total  sales 


Calgary 


Leth-       Edmon- 
bridge.         ton. 


77,181   :  206,584     343,774 

8,278     397,821   '    77,033 

6.141     


Used  under  colliery  boilers. 
Slack .' 


Total  output. 


85,459     610,546 


1,688 
1,788 


88,935 


112,126 
38,015 


420,807 

17,694 
53,266 


760,687  I  491,767 


Total . 


627,. 539 

483,132 

6,141 


1,116,812 

131,508 
93,069 


1,341,389 


The  following  table  indicates  the  disposition  of  the  output 

of  coke: 

Sold  for    consumption  in  Alberta 1,987  tons  of  2,000  lbs. 

Sold  for  consumption  in  other  Provinces 96,951       "  "       "       " 

Sold  for  export  to  the  United  States 6,706      "  "       "       " 


Total  sales 105,644 

For  Colliery  use 40 


Total  output 105,684      "  " 

The  Crowsnest  Pass  is  the  onl\'  district  in  the  Province  in 
which  coke  is  produced. 

The  following  summar\'  shows  the  total  sales  of  coal,  bri- 
quettes and  coke  of  the  Province: 


Bituminous  Coal 
Anthracite  Coal. 
Lignite  Coal. .  .  . 

Total  sales . 

Briquettes 

Coke 


Tons  of  2,000  lbs. 


Sold  for 
consump- 
tion in 
Alberta 


Sold  for 
consump- 
tion in 
other 
Prov'ces 


Sold  for 
Export 

to 
United 
States. 


Total 


1,453,007,      98,559,      86,682  1,638,088 

21,700|       12,589  300'       34,589 

627,539'  483,132    6,14l' 1,116,812 


2,102,246!  594,280;   93,123  2,789  489 


60,0001 
1,987| 


29,920: 
96,9511 


801      90,000 
6,7061     105,644 
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The  following  table  shows  the  classification  of  persons  em- 
ployed above  and  below  ground  in  the  bituminous  coalfields. 

Average  Number  Employed: 


Character  of  Labour. 


Crows- 
nest  Pass 
Dist 


o    ■    2. 

Si  o 

<        CQ 


Calgary 
Dist. 


Supervision  and  clerical  assistance 

Miners  and  helpers 

Mechanics  or  skilled  labour 

Other  employees 

Total 


69      51 

.  .  1086 

217      44 

383    533 


669  1714 


Edmon- 
ton 
Dist. 


o      2. 


16  16 
..  309 
29|     10 

77I     71 


14 

25 
60 


122    406      99 


CQ 


Total 


12 

99 

191 

6 

271 

24 

520 

233 

890 

79 

1586 

60 

628 


2353 


The  following  table  shows  the  classification  of  persons  em 
ployed  above  and  below  ground  in  the  lignite  coalfields: 

Average  Number  Employed: 


Character  of  Labour. 

Crows- 
nest  Pass 
Dist. 

Edmon- 
Calgary          ton 
Dist.     :      Dist. 

Total 

> 

0 

Si 

< 

0 
< 

Below 
Above 

Da 

0 

< 

Supervision  and  clerical  assistance.  . 
Miners  and  helpers 

23 

30 
323 

50 

42 
836 

35 
179 

58i     46 

..    659 

83      20 

147    105 

131 

207 
359 

118 
1818 

Mechanics  or  skilled  labour 

Other  employees 

25 
20 

3      99 
5    192 

58 
289 

Total 

68 

361!  341 

1092 

288 

830 

697 

2283 

The  following  table  shows  the  classification  of  persons 
employed  above  and  below  ground  in  the  bituminous,  anthracite 
and  lignite  coalfields,  respectively: 
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Average  Nicmbcr  Employed. 


Character  of  Labour. 

Bitu- 
minous 

Anthra- 
cite 

Lijnite 

Total 

> 

< 

> 
o 

< 

o 
CQ 

Above 
Below 

> 

o 

< 

_o 

CQ 

Supervision  and  clerical  assistance. 
Miners  and  helpers 

1 

99      79 

.  .  1586 

27ll     60 

520    628 

10 

53 
150 

8 
137 

80 

131;    118 

..1818 

207!     58 

359    289 

240 

205 
S.=S41 

Mechanics  and  skilled  labour 

Other  employees 

531 !   118 
10291   997 

Total 

890  2.S.'i.3 

213 

225 

697  2283  1800  4861 

Per  Capita  Production  of  Mines: 


Tons  of  2,000  lbs. 


\  ear. 

Gross  tons 
of  coal 
mined. 

Total 
Number 
of  men 

Tons  of 

coal 

mined 

Nu. Tiber 
of  men 

employed 
under- 

Tons of  coal 

mined  per  man 

employed 

employed. 

per  man. 

ground. 

underground. 

1906 

1,385,000 

2,800 

494 

2,000 

692 

1907 

1,834.745 

3,600 

509 

2,700 

679 

1908 

1,845.000 

3,780 

488 

2,681 

688 

1909 

2,174,329 

5,207 

417 

3,893 

566 

1910 

3.036,757 

5,818 

504 

4,090 

742 

1911 

1,694,564 

6,689 

253 

4,517 

375 

1912 

3,446.349 

6,661 

517 

4,861 

708 

Summary  of  Statistics  for  Year  igi2: 

Number  of  mines  at  present  in  operation 243 

Number  of  new  mines  opened 46 

Number  of  mines  abandoned 8 

Number  of  tons  of  coal  mined 3,446,349 

Number  of  tons  of  coke  produced 105,684 

Number  of  tons  of  briquettes  produced 90,000 

Average  number  of  persons  employed  inside  mines 4,861 

Average  number  of  persons  employed  outside  mines 1,800 

Average  number  of  persons  employed  inside  the   mines  during 

the  month  of  December 5,279 

Average  number  of  persons  employed  outside  the  mines  during 

the  month  of  December 1,981 

Number  of  separate  accidents  causing  loss  of  life 21 

Number  of  deaths  caused  by  accidents  inside  the  mines 16 

Number  of  deaths  caused  by  accidents  outside  the  mines 5 


58  Proceedings  of  the  xv  Annual  IVIeeting. 

Number  of  serious  accidents  inside  the  mines 33 

Number  of  serious  accidents  outside  the  mines ; 5 

Number  of  slight  accidents  inside  the  mines 52 

Number  of  slight  accidents  outside  the  mines 5 

Number  of  Mine  Manager's  Certificates  issued 12 

Number  of  Pit   Boss  Certificates  issued 34 

Number  of  Fire  Boss  Certificates  issued 37 

Nova   Scotia    Mineral   Prodlxtion,    1912 

The  Secretary  read  the  following  communication  from  Mr. 
Hiram  Donkin,  Deputy  Commissioner  of  Works  and  Mines,  of 
Nova  Scotia: 

"This  Province's  coal  production  for  the  year  was  6,802,997 
tons,  the  sales  representing  6,177,615  tons,  thus  exceeding  the 
coal  trade  record  of  any  previous  year  by  about  600,000  tons. 
The  outlook  for  1913  is  exceedingly  encouraging,  and  there  is 
every  reason  to  anticipate  that  the  output  will  show  a  still  further 
material  increase. 

"As  has  been  the  case  for  some  years  past,  the  gold  produc- 
tion continues  to  decline.  It  is  generally  believed  that  this  is  not 
due  to  the  exhaustion  of  the  gold  ores  of  the  Province,  but  rather 
to  conditions  that  presently  may  be  more  favourable. 

"There  is  apparently  a  slight  decline  in  gypsum  production,  but 
this  has  no  real  significance.  Tungsten  was  produced  for  the  first 
time,  concentrate  having  been  shipped,  and  a  return  made  to  the 
Department  representing  a  content  of  79  per  cent,  tungstic  acid. 

"During  the  year  a  greater  footage  was  drilled  by  the 
Government  drills  than  in  any  previous  year,  and  this  would 
indicate  that  systematic  investigation  is  being  conducted  on  a 
larger  scale  than  heretofore." 

The   Government   and  the   Mining   Industry 

A  series  of  resolutions  to  the  following  effect  was  moved 
by  Mr.  J.  B.  Tyrrell,  of  Toronto: 

(1)  "That  the  Government  of  Canada  be  urged  to  make 
provision  for  a  separate  and  distinct  Department  of  Mines,  under 
the  direction  of  a  Minister  who  shall  be  familiar  and  in  sympathy 
with  the  mining  industry  of  the  country. 

(2)  "To  appoint  a  Deputy  Minister  of  Mines  who  shall  be  a 
bona  Jidc  technically  trained  mining  man. 
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(3)  "That  the  Government  should  appoint  representatives 
of  the  mining  industry  to  the  Senate. 

(4)  "That  mining  men  should  vote  in  favour  of  candidates 
for  Parliament  who  will  pledge  themselves  to  support  legislation 
advocated  by  the  mining  communities. 

(5)  "That  mining  men  should  take  steps  to  secure  adequate 
representation  for  the  industry  in  Parliament. 

(6)  "That  the  Institute  should  definitely  adopt  a  policy 
in  keeping  with  the  sentiments  expressed  in  the  above  reso- 
lutions." 

The  resolutions  were  submitted  to  a  Committee  for  con- 
sideration and  re-drafting;  but  after  discussion,  at  a  subsequent 
session  were  defeated,  on  the  general  ground  that  the  Govern- 
ment had  already  acceded  to  the  representations  of  the  Insti- 
tute in  respect  to  the  creation  of  a  Department  of  Mines. 

Election  of  Council,  1913-14. 

The  Secretary  announced  that  the  following  gentlemen  had 
been  elected  by  acclamation  to  ofifice  on  the  Council  for  the 
ensuing  term: 

President 

Dr.  Alfred  E.  Barlow,  Westmount,  Que. 

Vice-Presidents 

Mr.  Thomas  Cantley,  New  Glasgow,  N.S. 
Mr.  G.  G.  S.  Lindsey,  Toronto,  Ont. 

Councillors 

Mr.  M.  B.  Baker,  Kingston,  Ont. 

Dr.  J.  A.  Bancroft,  Montreal,  Que. 

Mr.  R.  W.  Brock,  Ottawa,  Ont. 

Mr.  D.  H.  Browne,  Copper  Cliff,  Ont. 

Mr.  E.  T.  Corkill,  Toronto,  Ont. 

Mr.  T.  Denis,  Quebec,  Ont. 

Mr.  E.  Dulieux,  Montreal,  Que. 

Mr.  James  McEvoy,  Toronto,  Ont. 

Mr.  Lewis  Stockett,  Calgary,  Alta. 

Mr.  W.  a.  Williams,  Grand  Forks,  B.C. 
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Wednesday  Afternoon  Session. 

The  following  papers  were  presented  and  discussed:  "Mica 
Mining  in  Canada,"  by  Hugh  De  Schmid;  "Mica  Manufac- 
turing and  Marketing,"  by  S.  O.  Pillion;  "The  Origin  of 
Graphite,"  by  John  Stansfield;  "The  Evolution  of  Mining 
and  Milling  of  Asbestos,"  by  John  J.  Penhale. 

Wednesday  Evening  Session. 

An  interesting  lecture  on  the  "Problems  of  the  Yukon," 
was  delivered  at  this  session  by  Dr.  H.  M.  Payne,  of  New 
York.  The  Chair  was  occupied  by  Dr.  Alfred  Thompson,  M.P. 
of  Dawson,  Y.T.,  who,  in  introducing  the  lecturer  said: 

"There  is  no  doubt  in  my  mind  that  the  Yukon  has  been  an 
important  factor  in  the  development  of  Canada,  not  only  as 
a  result  of  its  considerable  gold  production,  amounting  now  to 
over  S150,000,000,  but  by  the  influence  it  has  exerted  in  attract- 
ing to  this  country  men  of  a  specially  desirable  type,  who  have 
become  permanent  settlers  in  the  Western  provinces  and  terri- 
tories. The  development  of  mining  in  the  Yukon  has  been  very 
interesting  to  watch.  It  has  passed  through  the  various  stages 
from  the  employment  of  the  most  primitive  methods  to  that  of 
the  application  of  the  most  modern  methods,  the  latest  of  which 
is  the  electrically  driven  dredge,  capable  in  some  cases  of  moving 
as  much  as  fourteen  thousand  cubic  yards  of  material  in  twenty- 
four  hours." 

Thursday,  March  6th. 

At  the  morning  session,  the  following  papers  were  presented 
and  discussed:  "The  Treatment  of  Gold  Ore  at  the  Dome  Mine, 
South  Porcupine,  Ont.,"  by  D.  H.  L.  Forbes;  Some  Notes 
on  the  Pearl  Lake  Section  of  the  Porcupine  District,"  by  H.  G. 
Skavlem;  "Grading  Analyses,  and  their  Application  to  Cyani- 
dation.  Classification,  etc.,"  by  John  W.  Bell;  "The  Measure- 
ment of  Compressed  Air  Delivered  by  the  Hydraylic  Compressor 
at  Cobalt,"  by  C.  H.  Taylor;  "Notes  on  Mine  Sampling," 
by  G.  C.  Bateman;  and  "Recent  Advances  in  our  Knowledge 
of  the  Sudbury  Region,"  by  A.  P.  Coleman. 
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At  the  afternoon  session  the  papers  presented  included: 
"Agglomeration  of  Iron  Ores,"  by  N.  V.  Hansell;  "Prospecting 
the  Iron  Sands  of  Natashkwan,  Quebec,  with  the  Empire  Drill," 
by  G.  C.  Mackenzie;  "The  Steel  Industry  of  Nova  Scotia," 
by  C.  L.  Cantley;  and  "The  Copper-Bearing  Traps  of  the 
Coppermine  River,"  by  James  Douglas. 

Smoking   Concert. 

As  customary,  the  evening  of  the  second  day  of  the  meeting 
was  devoted  to  social  entertainment,  which  took  the  form  of  a 
smoking  concert,  under  the  chairmanship  of  Mr.  J.  J.  Penhale. 
A  capital  programme  was  provided,  of  which  the  principal  item 
was  a  farce  comedy,  written  by  Mr.  C.  H.  Clapp,  of  the  Geolog- 
ical Survey  of  Canada,  entitled  "The  Mining  World,  or  the 
Stinging  Wildcat  of  Cobalt."  The  performance  was  most  amus- 
ing and  was  greatly  enjoyed. 

Friday,  March  7th. 

At  the  morning  and  afternoon  sessions,  the  following 
papers  were  presented  and  discussed:  "Preliminary  Experi- 
ments on  the  Metal  Cobalt  and  its  Alloys,"  by  H.  T.  Kalmus; 
"The  Rice  Lake  Gold  District,  Manitoba,"  by  Robt.  C.  Wal- 
lace; "The  Geologist,"  by  H.  E.  T.  Haultain;  "Core-Drilling," 
by  P.  H.  Moore;  and  "Some  Notes  on  Explosives,"  by  F.  H. 

GUNSOLUS. 

A  New  System  of  Electrical  Transmission. 

During  the  afternoon  session,  Mr.  D.  Selby-Bigge,  of 
London,  England,  addressed  the  meeting  on  a  new  method  of 
transmitting  electricity,  the  adoption  of  which  he  affirmed 
would  have  a  revolutionary  effect,  more  particularly  in  the  direc- 
tion of  the  reduction  of  power  costs.     Mr.  Bigge  said: 

"The  important  matter  on  which  I  desire  to  speak  is  an  entire- 
ly new  development  in  electrical  transmission.  This  is  the  first 
occasion  on  which  any  public  reference  has  been  made  to  it  in 
Canada,  and  it  is  gratifying  to  me  to  be  able,  therefore,  to  present 
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a  statement  on  the  subject  before  the  Canadian  Mining  Institute. 
This  new  development  in  the  transmission  of  power  has  already 
been  applied  in  Switzerland,  in  Italy,  in  France,  and  lately 
in  London.  The  method,  in  brief,  is  to  use  the  earth,  just  as 
in  wireless  telegraphy  the  air  is  used,  as  a  means  of  transmission. 
It  is  the  exact  opposite  of  the  methods  at  present  employed  on 
the  continent  of  America.  Here  you  use  alternating  current, 
with  the  three  phase  high  tension.  In  the  new  method  direct 
current,  high  tension,  is  employed,  and  can  transmit  through 
one  cable.  In  Switzerland,  at  the  St.  Maurice-Lauzanne 
plant,  the  transmission  distance  is  only  about  fifty  miles.  Never- 
theless what  has  been  accomplished  here  during  the  last  sixteen 
months  is  of  interest.  At  this  plant  there  are  two  cables, 
of  67  kilometres  in  length  (50  miles),  carrying  a  heavy  direct 
current.  This  current  traverses  on  the  positive,  and  return  is 
made  on  the  negative  cable.  The  originator  of  the  idea  was  Prof. 
Tierie,  of  Switzerland,  and  the  project  was  considered  in  con- 
nection with  the  electrical  development  at  Victoria  Falls,  in 
South  Africa,  but  being  still  in  the  experimental  stage  was  not 
adopted.  The  transmission  of  power  between  St.  Maurice 
and  Lauzanne  is  a  public  service,  and  during  the  past  sixteen 
months  the  transmission  has  been  by  means  of  one  cable  on 
wooden  poles,  the  return  being  passed  through  the  earth.  This, 
of  course,  could  not  have  been  accomplished  with  alternating 
currents,  since  the  alternation  is  an  alteration,  not  permit- 
ting the  use  of  the  earth  as  a  return.  In  London,  the  new  system 
has  been  adopted  and  is  in  operation  by  the  Metropolitan 
Electrical  Supply  Company.  Here  one  underground  cable  is 
in  use,  and  the  earth  acts  as  a  return  for  the  current.  This 
method  of  transmitting  direct  current  is  of  immense  potential 
importance  to  Canada.  In  this  country  you  have  great  water 
powers,  and  by  the  system  to  which  I  have  directed  your  at- 
tention, you  will  be  able  to  transmit  power  commercially  to 
distances  of  three,  four,  and  possibly  five  hundred  miles. 

"Investigations  were  conducted  recently  by  the  Swedish 
Government  in  relation  to  the  transmission  of  power  for  204 
miles  between  Copenhagen  and  Trawhaven.  The  relative 
costs  and  efficiencies  of  the  old  and  new  systems  were  com- 
pared, with  the  following  results:     A  continuous  current  of  12,600 
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kilowatts  as  against  11,000  kilowatts  was  delivered  by  alternating 
current;  while  the  cost  by  continuous  current  w^as  $860,000 
compared  with  SI, 480, 000  by  alternating  current.  The  annual 
expense  of  working  the  new  system,  according  to  the  Swedish 
investigators,  was  $6.05,  whereas  the  old  system  of  alternating 
current  cost  was  $12.37  per  kilowatt.  Again,  a  scheme  was 
considered  recently  for  the  transmission  of  power  from  Belgarde, 
on  the  Rhone,  to  Paris,  a  distance  of  279  miles.  In  this  case 
it  was  demonstrated  that  the  direct  current  system  was  alone 
feasible,  and  there  can  be  no  doubt  that  it  will  be  the  method 
employed  entirely  in  the  future  for  long  distance  transmission. 
It  will  enable  water-powers  to  be  utilized,  that  to-day  are  too 
far  distant  from  industrial  centres;  and  it  will  also  render  feasible 
the  electrification  of  the  railways  of  this  country.  I  may  add, 
in  conclusion,  that  we  are  now  actually  utilizing  this  system 
for  the  operation  of  winding  machinery  in  coal  mines  in  Perth- 
shire, Scotland.  There  is,  of  course,  a  very  easy  regulation 
of  the  system;  the  cages  are  stopped  instantly,  and  results  gen- 
ally  have  proved  so  encouraging  that  the  system  will  be  intro- 
duced in  other  coal  mines  in  England  and  Scotland.  In  addition 
to  the  instances  mentioned,  the  system  has  been  in  operation 
for  four  and  half  years  in  the  transmission  of  power  between 
Montier,  Switzerland  and  Lyons,  France,  a  distance  of  200 
kilometres.  This  installation  has  given  such  satisfaction  that 
the  capacity  of  the  plant  has  been  trebled.  In  the  200  kilometres 
distance  there  are  two  sub-stations.  The  current  provides 
power  for  part  of  the  tramcar  system  of  Lyons,  the  second  largest 
city  in  France.  But  these  are  merely  instances  to  indicate  that 
the  system  is  a  practical  accomplishment." 

In  reply  to  an  enquiry  by  Mr.  Sexton  in  respect  of  voltage 
used  in  direct  current  transmission,  and  whether  specially 
constructed  high  voltage  direct  current  motors  are  required 
on  the  current  terminal  of  the  transmission  line,  Mr.  Bigge 
stated  that  in  Switzerland  the  voltage  is  90,000;  adding  that  the 
proposed  voltage  from  Belgarde  to  Paris  is  200,000  volts  on  each 
of  the  two  cables.  The  two  cables  are  earthed  on  neutral  earth, 
having  each  only  200  ampere  current  capacity.  The  current 
is  constant,  while  the  voltage  is  varied.  It  may  be  as  high  as 
200,000  to  300,000  volts,  but  by  using  the  earth  it  is  not  required 
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to  increase  the  voltage  much  over  100,000.  The  machinery 
is  rotary  and  driven  by  water  power.  There  are  four  units  on 
the  same  shaft,  each  of  5,000  volts,  and  each  connected  by 
commutator.  This  gives  40,000  volts,  and,  by  multifying  units, 
all  in  series,  the  desired  voltage  is  obtained.  By  the  system  the 
need  for  transformers,  oil  switches,  and  all  the  difficulties  of 
induction,  etc.,  are  avoided. 

The  Pulmotor  in  Mine  Rescue  Work. 

Mr.  Henry  E.  Bertling,  of  Toronto,  then  gave  a  demonstra- 
tion of  the  Pulmotor,  the  uses  of  which  he  explained  as  follows: 

"The  Pulmotor  is  an  apparatus  for  administering  oxygen 
automatically,  and  as  such  is  of  incalculable  value  in  mine  rescue 
work.  The  apparatus,  including  its  case,  weighs  forty-six  pounds, 
and  provides  for  both  natural  and  artificial  respiration,  while 
the  cylidner  contains  a  sufficient  supply  of  oxygen  for  forty 
minutes'  continuous  use.  The  oxygen  passes  to  an  injector, 
having  the  property  of  drawing  in  a  large  volume  of  air  which 
it  propels  with  force  through  the  flexible  tube  in  front  of  the 
injector,  thus  alternately  filling  the  lungs  of  the  patient  by 
pressure  and  emptying  them  by  suction.  The  pressure  is 
equivalent  to  8  inches  water  guage  and  the  suction  to  10  inches. 
Other  important  parts  of  the  apparatus  are  the  air  reversing 
chamber  and  the  bellows  by  which  the  automatic  reversal 
from  suction  to  delivery  is  effected.  This  last  is  a  strikingly 
simple  yet  a  most  effective  provision,  and  its  operation  is  most 
interesting.  The  bellows  being  connected  with  the  air-tubes, 
during  inflation  the  same  pressure  obtains  in  them  as  in  the  lungs; 
but  directly  the  latter  are  filled,  the  bellows  become  inflated,  and, 
in  moving  forward,  bring  the  valve  into  position  automatically 
to  produce  suction.  By  this  automatic  action,  the  operator 
is  enabled  to  devote  his  entire  attention  to  watching  the  patient, 
and  in  seeing  that  the  windpipe  is  kept  open  and  the  gullet  closed. 
With  artificial  respiration  the  former  task  is  always  difficult,  as 
in  the  case  of  asphyxiated  persons  the  windpipe  is  obstructed 
by  the  contracted  tongue  and  by  the  epiglottis.  Before  there- 
fore administering  oxygen,  the  tongue  should  be  drawn  forward 
in  the  mouth  by  means  of  forceps  provided  for  the  purpose. 
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It  is  also  necessary  to  prevent  either  air  or  oxygen  from  entering 
into  the  gullet,  and  this  is  avoided  by  the  application  of  gentle 
pressure  to  the  wind-pipe  in  the  middle  of  the  throat.  Ex- 
periments have  demonstrated  that  such  pressure  will  not  restrict 
the  passage  of  air  through  the  air-pipe,  which  is  in  a  semi-rigid 
condition.  The  Pulmotor  has  been  introduced  into  America 
within  the  last  year  or  so,  but  it  has  already  proved  highly 
efficacious  in  cases  of  asphyxiation,  drowning,  poisoning  by 
narcotics,  and  electric  shock."* 

Before  the. proceedings  terminated  a  cordial  vote  of  thanks 
was  extended  to  the  local  committee,  namely  Mr.  W.  R.  Ask- 
with  (chairman),  Mr.  G.  L.  Burland,  Dr.  D.  D.  Cairnes,  Mr. 
W.  J.  Dick,  Mr.  G.  C.  Mackenzie,  Dr.  Robt.  Harvie  and  Mr.  John 
McLeish,  for  their  services  in  co-operating  with  the  Secretary 
in  planning  and  carrying  out  the  arrangements  for  the  meeting. 
The  thanks  of  the  Institute  were  also  offered  to  the  Ottawa 
Street  Railway  Company  for  courteously  providing  free  trans- 
portation over  their  lines  to  members  in  attendance  at  the  ses- 
sions; and  to  the  Grand  Trunk  Railway  System  for  the  excellent 
service  and  attention  accorded  the  Institute  by  the  manager 
and  staff  of  the  Chateau  Laurier  hotel. 

The  Annual  Dinner. 

The  Annual  Dinner  was  held  in  the  Banquet  Hall  of  the  hotel 
at  7.80  P.M.,  covers  being  laid  for  one  hundred  and  thirty. 
The  guests  included  the  Rt.  Hon.  R.  L.  Borden,  Prime  Minister 
of  Canada,  the  Rt.  Hon.  Sir  Wilfrid  Laurier,  Col.  the  Hon. 
S.  Hughes,  Minister  of  Militia,  the  Hon.  Martin  Burrell,  Minister 
of  Agriculture,  the  Hon.  Senator  Bostock,  Mr.  Bradley  Stough- 
ton.  Secretary  of  the  American  Institute  of  Mining  Engineers, 
Mr.  M.  E.  Purcell,  Chairman  of  the  Western  Branch  of  the 
Institute,  and  others. 


*The  Pulmotor  was  awarded,  in  January  last,  the  Scientific  American 
Gold  Medal,  presented  annually  for  some  safety  or  life-saving  device,  invented 
within  the  past  three  years,  and  exhibited  in  the  collection  of  the  American 
Museum     of    Safety. — Ed. 
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After  the  formal  toast  to  the  "King,"  proposed  by  the 
President,  had  been  duly  honoured,  the  health  of  the  Rt.  Hon.- 
the  Prime  Minister  was  proposed  by  Mr.  G.  G.  S.  Lindsey, 
of  Toronto,  who  said  in  part:  "In  the  last  twenty-five  years 
this  Institute  has  received  many  kindnesses  from  the  respective 
governments,  but  this  is  the  first  occasion  on  which  the  Prime 
Minister  of  the  Dominion  of  Canada  has  graced  our  annual  ban- 
quet with  his  presence.  This,  perhaps,  may  be  explained  by 
the  fact  that  our  guest  of  honour  this  evening  was  brought  up 
among  mining  men  and  in  a  mining  province.  I  desire,  however, 
to  take  advantage  of  his  presence  to  address,  a  few  remarks 
to  him  on  behalf  of  the  Canadian  Mining  Institute.  The  aim  and 
ambition,  the  only  aim  and  ambition  of  the  Canadian  Mining  In- 
stitute, is  to  establish  and  maintain  the  dignity  of  mining, 
to  place  it  upon  the  plane  where  it  belongs  and  always  to  defend 
its  honour.  The  mining  industry  of  Canada  now  ranks,  in  point 
of  importance,  very  near  to  agriculture.  The  annual  production 
of  minerals  at  present  represents  a  valuation  of  considerably 
over  a  hundred  million  dollars,  and  in  consequence  this  industry 
is  entitled  to  respect  and  consideration.  While  admittedly 
a  large  proportion  of  this  wealth  is  produced  from  mines  in  those 
provinces  that  exercise  direct  control  over  the  mineral  resources 
within  their  boundaries,  nevertheless,  considerably  over  one  half 
of  the  country  containing  extensive  mineral  bearing  areas  remains 
under  the  jurisdiction  of  the  Dominion  Government;  and  at  least 
one  half  will  continue  to  be  under  this  jurisdiction  even  if  the 
Western  provinces  of  Alberta  and  Saskatchewan  are  ceded  the 
control  of  their  natural  resources.  Of  this  remaining  territory, 
there  is  north  of  the  boundaries,  between  the  new  and  the  older 
provinces,  a  greater  mineral  region  than  any,  perhaps,  yet  devel- 
oped in  Canada.  I  make  this  statement  with  some  confidence 
in  view  of  the  information  afforded  is  at  the  present  meeting 
of  the  Institute  by  Dr.  James  Douglas  regarding  the  possibilities 
of  the  copper  mine  country,  in  this  great  northland.  To  further 
instance  the  importance  of  the  mining  industry  to  the  community, 
it  may  be  noted  that  in  the  year  1907  no  less  than  33  per  cent, 
of  all  the  freight  carried  on  the  railways  of  Canada  was  either 
minerals  or  the  products  of  mineral.  In  the  United  States, 
minerals  or  their  products  represent  actually  65  per  cent,  of  the 
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railway  freight  traffic.  The  mining  industry,  as  represented 
by  this  Institute,  meanwhile  asks  for  consideration  from  the 
Dominion  Government  in  an  important  particular.  It  desires 
to  be  elevated  to  the  dignity  of  an  industr\'  governed  by  statute. 
At  present  all  business  appertaining  to  the  acquisition  of  mineral 
lands  under  Federal  control  is  regulated  by  Orders-in-Council, 
and  this  condition  of  affairs  has  had  a  restrictive  effect  on  min- 
eral development.  Our  views  in  this  respect  were  laid  before  the 
late  government,  and,  in  consequence.  Sir  Wilfrid  Laurier 
promised  that  if  the  Institute  would  draft  a  Mines  Act  he  would 
receive  it.  Such  a  bill  was  duly  drafted;  was,  through  the  kind- 
ness of  thelate  Minister  of  Mines,  printed,  and  would  have  been 
presented  to  Parliament  and  carried  into  law  by  the  late  govern- 
ment had  it  remained  in  power  during  another  session.  I  un- 
derstand that  the  Bill  had  the  sympathy  of  the  opposition  at 
the  time  it  was  drafted,  and  I  believe  I  may  safely  affirm  that  if 
the  Bill  is  now  introduced  and  supported  by  the  Government 
its  passage  through  Parliament  will  be  facilitated  by  both  political 
parties.  I  regret  that  the  Minister  of  Mines  was  unavoidably 
prevented  from  attendance  this  evening.  I  should  have  liked 
to  have  said  to  him  that  I  hope  the  time  is  not  far  distant  when 
he  will  recognize  that  although  to  occupy  the  office  of  Secretary 
of  State  of  Canada  is  a  great  honour,  his  occupancy  of  the  office 
also  of  Minister  of  Mines  is  a  greater  honour.  I  should  have 
liked,  moreover,  to  have  urged  him  to  take  steps  to  enlarge  the 
scope  and  usefulness  of  the  Department  of  Mines,  in  keeping 
with  the  provisions  of  the  Institute's  Bill,  by  the  transference 
to  that  department  of  the  right  to  dispose  of  mineral  lands, 
and  by  ensuring  that  all  business  of  this  nature  shall  be  under 
the  direct  control  of  the  Department  of  Mines." 

In  response  to  the  toast,  the  Rt.  Hon.  R.  L.  Borden  said: 
"I  desire  to  express  at  once  my  ver\-  warm  appreciation 
of  the  terms  in  which  my  friend,  Mr.  Lindsey,  has  been  good 
enough  to  propose  this  toast,  and  to  say  that  I  regard  it  not 
only  as  a  \er\-  great  pleasure  but  as  a  ver>-  great  honour  to  be 
permitted  to  be  one  of  your  guests  this  evening.  Mr.  Lindsey 
has  alluded  to  the  claims  on  the  Government  of  the  great  industr>- 
of  mining,  which  has  developed  so  marvellously  in  the  past  twenty 
live  or  thirtv  vears  in  this  countrv.     Those  claims.  I  am  sure. 
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will  receive  the  recognition  of  the  Government  in  every  reason- 
able way,  and,  as  far  as  the  Institute  itself  is  concerned,  I  would- 
be  inclined  to  quote  to  you  the  well  known  lines  of  a  poet  to  the 
South: 

I  do  not  dare  to  doubt  them 

But  ask  whatever  else  and  I  will  dare. 

"I  sympathize  very  much  with  the  sentiment  that  all  nec- 
essary steps  should  be  taken  for  the  purpose  of  ascertaining 
just  what  we  possess  in  Canada  with  regard  to  mineral  and  other 
resources.  A  great  deal  has  been  said  on  the  subject  of  the  con- 
servation of  the  natural  resources  of  this  great  Dominion. 
The  very  first  step,  after  all,  in  any  well  founded  scheme  of  con- 
servation is  to  know  what  we  have,  to  take  stock  of  what  we  ha\'e 
in  this  country,  not  only  in  the  portions  of  it  that  are  settled 
and  partially  developed,  but  in  that  vast  northern  land  of  which 
so  little  is  known  at  the  present  time  and  which  may  contain 
wealth,  especially  mineral  wealth,  far  beyond  the  conception 
or  even  the  imagination  of  gentlemen  of  the  Mining  Institute 
of  Canada;  and  I  am  sure,  so  far  as  that  is  concerned,  that 
not  only  the  Minister  of  Mines  but  myself  and  every  one  of 
my  colleagues  will  be  desirous  of  co-operating  in  every  way  with 
those  in  Canada  wiio  aim  to  prosecute  mining  development 
in  this  country;  and  you  may  rest  assured  that  in  so  far  as  may 
be  reasonably  possible  in  the  public  interest  of  this  country  we 
shall  be  glad  to  lend  our  aid  and  co-operation  to  any  well  directed 
effort  for  the  purpose  of  understanding  and  realizing  what  w'e 
have,  not  only  in  the  organized  provinces  of  Canada  but  in  those 
great  territories  outside  of  the  organized  districts  in  which,  ac- 
cording to  the  statement  of  Dr.  Douglas  that  has  been  alluded  to 
here  to-night,  Canada  may  possess  a  wealth  far  beyond  the  con- 
ception of  any  of  us  at  the  present  time.  I  entirely  agree  in  the 
principle  of  what  Mr.  Lindsey  has  said  here  to-night  with  respect 
to  the  necessity  of  stability  of  conditions  so  far  as  the  mining  laws 
of  the  country  are  concerned.  I  come  from  a  Province  where  the 
mining  laws  were  embodied  in  the  statute  law  of  the  country, 
where  the  right  of  every  man  to  obtain  a  lease  of  mineral  areas 
depends  upon  laws,  which  can  only  be  changed  by  Parliament, 
and  where  the  right  of  the  individual,  if  challenged  by  any  other 
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applicant,  is  determined  in  the  final  anal>sis  by  the  courts  of  the 
country  and  not  by  any  political  body.  I  have  not  yet  examined 
with  care  the  measure  to  which  Mr.  Lindsey  has  alluded, 
while  I  do  not  know  that  I  recall  anything  more  than  the  prin- 
ciple upon  which  it  is  founded  and  the  leading  features  which  it 
contained.  I  am  glad  to  assure  you  that  the  Bill  has  already 
been  placed  in  the  hands  of  the  Minister  of  Mines  who  has 
devoted  a  good  deal  of  attention  to  its  consideration  and  has 
placed  it  before  Council;  and  at  the  very  earliest  possible  moment 
it  will  be  considered  and  I  have  no  reasonable  doubt  will  be  sub- 
mitted to  Parliament,  perhaps  referred  to  a  committee  for  a 
report,  during  the  present  session.  If  Mr.  Ccjderre  had  been  here 
to-night  I  have  no  doubt  he  would  have  been  able  to  make  this 
assurance  more  certain  and  positive  than  I  can  in  his  absence. 
However,  in  his  absence,  I  am  giving  an  assurance  which  I 
feel  confident  we  shall  be  able  to  carry  out  within  a  rcasonabh' 
early  period.  I  am  glad  to  know  there  is  combined  within 
the  membership  of  the  Canadian  Mining  Institute  so  fine  and 
representative  a  body  of  men  as  that  which  is  gathered  around 
this  board  to-night.  The  mining  industry  of  Canada  deserves 
to  be  well  represented;  it  is  a  great  industry-,  not  only  a  great  in- 
dustry but  a  very  rapidly  growing  industry  and  one  the  limits 
of  which  can  only  be  bounded  by  our  natural  resources,  and,  so 
far  as  they  are  concerned,  we  do  not  at  the  present  time  know 
what  their  limits  may  be.  I  am  glad  also  to  know  that  you  have 
around  this  table  to-night  gentlemen  who  represent  this  great 
industry  on  the  other  side  of  the  boundary  line.  It  is  a  very  great 
satisfaction  to  know  that  in  this  association  as  well  as  in  other 
associations  in  each  country  which  are  concerned  in  promoting 
the  development  of  our  institutions,  of  our  industry  and  of  our 
country  generally,  that  the  men  on  both  sides  of  the  boundary 
line  find  a  comradeship  with  each  other,  a  mutuality  of  aspira- 
tion, which  tends  to  direct  their  common  service  and  energy  toward 
the  welfare  of  the  people  of  both  countries.  It  is  very  satis- 
factory to  know  that  the  people  of  both  countries  can  work 
together  hand  and  hand  and  heart  with  heart  in  carrying  out 
those  aspirations  and  in  fulfilling  in  this  wa\-  the  ideal  of  the  de- 
mocracy which  is  common  to  both  countries;  indeed,  it  would  be 
a  remarkable  thing  if  it  were  othersvise,  because  these  people 
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who  spring  for  the  most  part  from  the  same  stock,  would  be. 
unworthy  of  their  traditions  if  they  could  not  thus  seek  the  solu- 
tion of  common  problems  by  united  efTort.  I  am  glad  they  do  so: 
and  I  hope  that  within. the  next  two  or  three  years  when  the 
people  of  both  countries  come  to  celebrate,  as  they  will  fittingly 
celebrate  the  anniversary  of  one  hundred  years  of  peace,  you,  the 
men  of  the  Canadian  Mining  Institute  will  not  be  behind, 
in  doing  your  part  in  the  celebration  of  that  great  event. 

"We  are  offering  an  object  lesson  to  the  whole  world. 
We  have  a  boundary  line  nearly  four  thousand  miles  long  un- 
protected by  batteries,  or  organized  forces:  a  very  great  object 
lesson  to  the  world  in  which  object  lessons  of  this  kind  are 
sadly  needed  at  the  present  time.  No  man  is  more  persuaded 
than  I  that  people  in  every  country  in  the  world  are  bound  to  take 
all  reasonable  measures  to  protect  their  interests  and  territories . 
if  need  should  arise.  But  two  great  friendly  nations  like  this 
great  democracy  to  the  south  —  much  greater  than  ourselves, 
much  more  highly  developed  than  w^e  are  at  the  present  time 
— and  our  own  may  nevertheless  learn  something  from  each  other 
and  we  are  learning  something  from  -each  other  every  day; 
but  more  than  that,  on  both  sides  of  the  line  we  can  continue  to 
preach  and  to  teach  to  the  whole  world  that  two  great  nations, 
side  by  side,  with  mutual  confidence  in  the  good  will  of  each  other, 
can  live  from  year  to  year  for  one  hundred  years,  for  two  centuries 
if  need  be,  without  taking  those  precautions  w^hich  on  other  con- 
tinents seem  to  be  necessary  for  the  maintenance  of  confidence 
in  the  people  of  any  one  country  against  aggression  from  the 
outside.  I  most  deeply  and  earnestly  hope  that  this  good  will, 
these  cordial  relations,  this  mutual  confidence  will  not  only  con- 
tinue in  the  future,  but  will  grow  and  develop  and  that  the  people 
of  the  great  republic  beyond  the  line  and  the  people  of  this 
great  Dominion  of  Canada,  still  in  the  infancy  of  its  development, 
may  at  all  times  in  the  years  to  come  maintain  that  mutual  good 
will  and  confidence  which  has  happily  been  manifested  during 
the  past  one  hundred  years. 

"I  thank  you  very  much  for  your  kindly  reception  to-night 
and  I  shall  carry  to  my  colleagues,  Mr.  Cochrane  and  Mr.  Codcrre 
whom  you  have  mentioned,  a  message  I  am  sure  of  your  goodwill, 
and  a  message  of  your  desire  to  promote  in  every  way  the  devel- 
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opment  in  the  future  of  that  great  industry  which  you  so  well 
represent." 

Mr.  J.  J.  Penhale  then  proposed,  in  felicitous  terms,  the 
health  of  Sir  Wilfrid  Laurier,  the  Hon.  S.  Hughes,  and  other 
guests  of  the  Institute. 

Responding  to  this  toast,  Sir  Wilfrid  Laurier  said: 
"My  first  words  must  be  certainly  to  thank  my  old  friend 
Colonel  Penhale  for  the  too  kind  manner  in  which  he  has  pro- 
posed my  health  and  to  thank  }ou  all  for  the  manner  in  which 
you  ha\'e  received  it.  Proposing  my  health  is  certainly  a  work 
of  supererogation,  for  you  have  only  to  look  at  me  to  see  that  I 
am  in  perfect  heatlh.  In  fact  for  fifteen  months  or  there- 
abouts I  have  been  feeding  upon  very  rich  food  I  ha\e  nothing 
to  do  but  to  criticize  the  administration,  and  my  friend  Mr. 
Borden  has  been  kind  enough  to  spread  before  me  a  well  kept 
table.  In  fact  if  I  could  digest  all  I  have  to  eat  I  would  not  be 
able  to  carry  my  own  weight.  Therefore  I  appreciate  all  the 
more  the  kindness  of  the  manner  in  which  you  have  received  this 
toast.  In  proposing  the  health  of  the  Prime  Minister.  Mr. 
Lindsey  remarked  that  it  was  the  first  time  in  many  years  that 
the  annual  meeting  of  your  Institute  had  been  graced  by  the 
presence  of  the  Prime  Minister.  If  in  the  past  the  Prime 
Minister  was  not  present  at  the  meetings  of  your  association 
it  was  because  the  Prime  Minister  was  a  ^■ery  busy  man  ;  and 
if  to-day  my  friend  the  Prime  Minister  is  able  to  be  present 
with  you  and  to  grace  your  board  b\'  his  presence  it  is  simply  b\' 
reason  of  the  fact  that  I  and  my  friends  have  pro\ided  for  him 
a  little  lull  in  his  business.  It  so  happened  that  at  this  moment 
my  friends  in  the  House  of  Commons  have  been  for  nearly  a  week 
tr\'ing  to  convince  the  Prime  Minister  of  the  error  of  his  ways; 
but  there  are  men  so  constituted  that  they  will  not  be  convinced 
by  good  argument  of  their  errors  and  therefore  my  friend  can 
be  here  to-day.  As  far  as  I  am  concerned  I  am  already  convinced 
and  therefore  I  could  be  here  also.  I  knew  that  b\'  coming  here 
I  would  be  in  congenial  company  because  there  is  certainly  a 
bond  of  sympathy  and  similarity  between  the  miner  and  the 
politicians.  You  are  miners,  I  am  a  politician;  and  I  have  been 
at  it  now  for  something  like  forty  years.     Hope  springs  eternal 
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in  the  human  breast — especially  in  the  breast  of  the  miner  and 
also  of  the  politician.  The  miner  is  an  optimist  and  so  is  the 
politician.  The  miner  sees  everything  in  roseate  colours;  so  does 
the  politician  and  whenever  the  miner  puts  his  blast  in  the  ground 
he  always  hopes  that  the  last  blast  will  at  least  bring  to  him  the 
object  of  his  long  wishes.  So  does  the  politician.  The  miner 
sometimes  gets  blasted  and  so  does  the  politician.  The  resem- 
blance does  not  go  much  further.  I  noticed  with  some  regret 
a  moment  ago  a  painful  allusion  by  Mr.  Penhale  to  the  fact 
that  at  one  time  I  tried  my  hand  at  mining.  In  those  days 
the  large  profits  of  which  we  heard  from  Mr.  Borden  to-night  were 
rare  indeed  and  so  far  as  I  am  concerned  the  apple  which  I  tried 
to  bite  turned  out  to  be  a  sour  apple.  It  was  not  without  a  feel- 
ing of  envy  that  I  listened  to-night  to  the  statement  that  our 
mineral  production  this  year  Avas  valued  at  $130,000,000.  We 
were  not  told  however,  how  much  profit  there  was  on  this 
result.  Had  we  these  figures,  it  might  be  possible  to  show  a  line 
of  difference  between  the  miner  and  the  politician.  There  is 
no  profit,  as  Mr.  Borden  knows,  in  politics. 

I  said  I  would  find  myself  in  congenial  company.  There 
is  one  thing  in  respect  of  which  I  find  myself  in  congenial  com- 
pany, and  even  Mr.  Borden  and  myself  believe  in  common 
in  one  thing,  that  is  to  say  in  the  possibilities  of  our  country. 
My  friend  Mr.  Borden  and  I  do  not  always  see  eye  to  eye,  un- 
fortunately for  him,  and  sometimes  unfortunately  for  myself; 
but  there  are  things  in  which  we  have  a  common,  faith,  upon 
which  we  all  agree  and  one  of  these  things  is  that  Canada  to-day 
is  not  equalled  by  any  land  under  the  sun  in  resources.  We 
speak  of  the  resources  of  our  country  in  agriculture,  in  fisheries 
and  in  other  industries  but  let  us  now  confine  ourselves  merely 
to  what  concerns  minerals.  We  have  gold,  we  have  coal,  silver 
lead,  nickel,  we  have  everything  that  God  has  put  into  the  entrails 
of  the  earth.  Many  years  ago  when  I  was  much  younger  than 
I  am  at  the  present  time  there  was  an  impression  that  gold 
must  be  found  only  in  those  favoured  lands  of  the  south  where 
there  is  perpetual  sunshine.  We  can  still  associate  gold  with 
sunshine.  But  we  know  now,  by  our  own"  experience  that  gold 
is  to  be  found  under  the  ice  of  the  Arctic  Circle  and  we  have 
found  it  almost  at  the  northern  limits  of  the  land.      We  have 
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lerritor>'  in  Canada  full  of  silver  and  nickel,  and,  in  fact,  the 
d^ly  is  not  far  distant  I  am  sure  when  we  shall  produce 
armorplate  for  our  own  ships.  But  I  am  not  going  to  touch 
on  forbidden  subjects  here. 

Mr.  Borden  in  his  eloquent  remarks  was  glad  to  note  that 
there  are  here  so  many  of  our  friends  from  the  American  side. 
They  are,  indeed,  most  welcome.  We  have  had  one  hundred 
years  of  peace  and  I  was  more  than  delighted  to  hear  the  Prime 
Minister  say  a  moment  ago  that  he  hoped  we  would  celebrate, 
with  all  due  honours,  this  unique  anniversary  of  one  hundred 
5'ears  of  peace  between  the  two  nations.  It  has  been  our  blessing, 
and,  indeed,  in  this  we  give  an  example  to  the  world.  As  Mr. 
Borden  said  in  this  respect  we  are  an  object  lesson  to  the  world: 
we  have  no  forts,  no  organizations  upon  the  boundary,  we  can 
go  from  one  side  of  the  boundary  line  to  the  other  unhampered ; 
and,  perhaps,  the  day  will  come  when  we  can  also  buy  and  sell 
o\cr  the  boundary.  At  the  present  time  I  am  satisfied  we  can 
sell  ores  over  the  boundary  line  In  our  celebration  of  this  one 
hundred  years  of  peace  we  shall  be  giving  to  the  world  an  exam- 
ple by  which  the  world  should  profit.  But  there  is  one  thing  to 
which  I  must  refer.  You  mining  men  think  what  you  need  is 
a  mining  law.  Mr.  Lindsey  referred  to  the  fact  that  we,  the 
late  administration,  had  had  good  intentions.  In  so  far  as  the 
miners  are  concerned  it  was  our  intention  to  give  them  a  law 
in  the  session  of  1911,  but  there  was  so  much  talking  on  another 
subject  during  that  session  that  we  could  not  talk  of  mining. 
But  Mr.  Borden  will  take  it  up  now  and  he  can  rely  upon  us 
giving  him  an  unbounded  support  to  the  measure,  as  we  shall 
indeed  to  all  good  measures  which  he  presents. 

"There  is  one  thing  that  you  want  even  more  than  a  mining 
law,  that  is  to  advertise  the  mineral  possibilities  of  Canada,  to 
make  them  known  all  o^'er  the  world.  You  have  talren  a  proper 
step  in  that  respect:  you  have  invited,  as  I  understand,  the 
geologists  of  the  world  to  meet  this  year  in  Canada.  Nothing 
more  practical  could  be  done  by  any  mining  institute.  I  know, 
however  that  such  a  body  as  that  cannot  be  received  without 
a  good  deal  of  expenditure.  May  I  say  to  my  friend,  the  Prime 
Minister,  that  if  he  chooses  to  help  the  Mining  Institute  in  this 
respect  he  will  have  the  cordial  support  of  His  Majesty's  loyal 
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Opposition.  I  could  wish  that  we  could  agree  upon  all  matters 
as  on  this,  but  it  is  something  for  two  politicians  to  agree  as  Mr. 
Borden  and  I  can  agree  on  this  subject.  Let  me  once  more 
gentlemen  of  the  Mining  Institute,  express  to  you  the  thanks 
I  owe  you  for  your  cordial  welcome. 

Col.  the  Hon.  S.  Hughes  and  the  Hon.  Senator  Rufus  Pope 
also  responded  to  the  toast.  The  health  of  the  American  Insti- 
tute of  Mining  Engineers  was  proposed  by  Mr.  W.  Fleet  Robert- 
son, Provincial  Mineralogist  of  British  Columbia,  and  responded 
to  by  Mr.  Bradley  Stoughton,  Secretary  of  the  Institute.  The 
toast  of  the  "Western  Branch  of  the  Institute"  was  proposed 
by  Mr.  F.  H.  Sexton,  Director  of  the  Department  of  Technical 
Education,  of  Halifax,  N.S.,  and  responded  to  by  Mr.  M.  E. 
Purcell,  Chairman  of  the  Branch.  Other  speakers  during  the 
evening  were  the  Hon.  Martin  Burrell,  Minister  of  Agriculture, 
and   Sir  James  Grant. 
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BRANCH  MEETINGS. 

Western  Branch. 

Meetings  of  the  Western  Branch  were  held  on  March  4th, 
at  Nanaimo,  B.C.,  and  on  May  24th  and  25th,  at  Rossland,  B.C. 
At  the  former,  Mr.  Thomas  Graham,  Chief  Inspector  of  Mines 
for  British  Columbia,  presided  in  the  absence  of  Mr.  M.  E.  Pur- 
cell,  the  Chairman  of  the  Branch,  who,  was  in  attendance  at 
the  annual  meeting  of  the  Institute  at  Ottawa.  The  following 
papers  were  read  and  discussed:  "Some  Notes  on  the  Longwall 
Method  of  Coal  Mining",  by  Alexander  Sharp;  "Modern 
Surface  Equipment  of  Coal  Mines",  by  Henry  Clark;  "Mine 
Rescue  and  First  Aid,"  by  J.  F.  Men^ies;  and  "Mine  Accidents 
and  How  to  Prevent  Them,"  by  Mr.  Matthew  Gunxess,  of 
the  local  Mutual  Improvement  Association.  In  the  course  of 
the  discussion  on  Mine  Rescue  operations,  the  Chairman,  who 
was  formerly  general  superintendent  for  the  Western  Fuel 
Company,  stated  that  this  company  has  now  sixty-five  "grad- 
uates" trained  in  the  use  of  mine-rescue  apparatus.  In  the 
Province  of  British  Columbia  there  are  at  present  eighty-eight 
sets  of  oxygen  breathing  apparatus,  49  two-hour  Draeger,  30 
Iialf-hour  Draeger,  and  9  Fluess.  As  7,130  persons  are  employed 
in  the  coal  mines,  there  is,  therefore,  one  apparatus  for  every 
81  persons.  Fatal  accidents  in  coal  mines  in  British  Columbia 
during  the  last  three  years  had  been:  In  1912,  3.93  per  1,000; 
in  1911,  2.32  per  1,000;  in  1910.  3.61  per  1,000.  The  lower 
ratio  in  1911  was  due  to  the  fact  that  during  about  seven  months 
of  that  year  most  of  the  coal  mines  of  the  Crowsnest  Pass  were 
inoperative,  on  account  of  a  strike  of  the  miners,  and  the  quantity 
of  coal  produced  that  year  from  these  mines  was  800,000  tons 
less  than  in  1912.  For  a  10-year  period,  1903-1912,  the  death 
rate  had  been  5.078.  The  fatalities  were  attributable  to: 
falls  of  roof,  6  (21.43  per  cent.);  falls  of  coal,  3  (10.72  per 
cent.) ;  mine  cars  and  haulage,  9  (32 .  14  per  cent.) ,  and  18  (64 .  32 
per  cent.);  explosives  7  (25  per  cent.);  miscellaneous,  3  (10.78 
per  cent.)  Seventy-five  per  cent,  of  the  accidents — caused  by 
falls  of  roof  and  coal  and  by  haulage — were  avoidable,  and 
were  due  to  negligence  on  the  part  of  those  directly  affected,  or 
to  lack  of  discipline  of  offtcials. 
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The  Rossland  meeting  was  held  in  conjunction  with  the  Spok- 
ane local  section  of  the  American  Institute  of  Mining  Engineers. 
There  was  a  large  attendance,  and  great  interest  was  taken  in 
the  proceedings.  Mr.  M.  E.  Purcell,  chairman  of  the  Branch 
presided. 

Mr.  E.  Jacobs,  Secretary  of  the  Branch  presented  the  follow- 
ing notes  on  the  early  history  of  the  Rossland  Camp: — 

"The  construction  of  the  Dewdney  trail,  which  was  built 
through  to  Wild  Horse  creek.  East  Kootenay,  in  the  early  sixties, 
provided  the  first  means  of  access  to  what  is  now  Rossland  camp. 
It  is  on  record  that  in  those  early  days  prospectors  saw  the  iron- 
stained  cappings  of  this  neighbourhood  and  put  down  a  few  pros- 
pect holes,  but  the  low  grade  of  the  surface  ore  and  the  long  dis- 
tance from  smelting  centres  had  a  discouraging  effect,  for  no  de- 
velopment work  was  done  until  about  25  years  later.  In  1889 
Joseph  Bourjois  staked  the  Lily  May  alongside  the  Dewdney 
trail  and  distant  a  mile  or  two  from  the  present  town  of  Ross- 
land. In  1890  he  had  staked  the  Centre  Star  and  War  Eagle, 
while  Morris  staked  other  mineral  claims;  They  also  discovered 
the  Le  Roi,  which  became  the  property  of  Col.  E.  S.  Topping. 
Late  that  year  Col.  Topping  interested  Spokane  men  in  the  LeRoi, 
•and  Mr.  Oliver  Durant  arranged  for  them  an  option  on  a  16-30th 
interest  under  a  six  months'  working  bond.  In  the  spring  of 
1891,  after  many  vicissitudes  had  been  experienced,  ten  tons  of 
picked,  pure  sulphide  ore  from  the  bottom  of  a  35-foot  shaft 
on  the  LeRoi  was  packed  down  to  the  Columbia  river  and  shipped 
thence  to  Butte,  Montana.  Smelter  returns  gave  about  4  oz. 
gold,  and  silver  3  oz.  per  ton,  and  copper  5.21  per  cent.  The 
bond  was  taken  up,  and  afterwards  the  remaining  14-30th  in- 
terest was  sold  by  Colonel  Topping  to  other  men.  The 
LeRoi  Gold  Mining  Co.  was  then  formed  and  some  70,000 
shares  sold  at  a  low  price.  The  proceeds  of  the  sale  of  these 
shares  having  been  exhausted,  work  was  suspended  until  tiie 
winter  of  1893-4,  when,  a  road  having  meanwhile  been  con- 
structed from  the  Columbia  up  Trail  creek  to  the  claims,  the 
ore  that  had  been  accumulated  on  the  dump  was  hauled 
in    sleighs    to    the    rixer   and    shipped    thence   to  the  smeltery. 
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The  returns  received  gave  a  good  profit,  so  active  mining 
operations  were  begun,  and  the  LeRoi  mine  was  soon  fairly 
launched  on  its  career,  which  for  some  time  was  a  ver>-  successful 
and  profitable  one.  Other  claims  that  were  developed  were  the 
Centre  Star,  Idaho,  and  War  Eagle.  In  February,  1895,  the 
War  Eagle,  by  this  time  controlled  by  Mr.  P.  Clark,  of  Spokane, 
and  which  had  become  one  of  the  best  mines  in  the  camp,  paid 
its  first  dividend,  amounting  to  832,500. 

"On  October  10th,  1895,  Mr.  F'.  August  Heinze,  then  at  the 
head  of  a  smeltery  in  Butte,  commenced  the  construction  of 
smelting  works  on  the  west  bank  of  the  Columbia  near  the  mouth 
of  Trail  creek,  and  in  February,  1896,  the  first  furnace  there  was 
blown  in.  Mr.  Heinze's  first  contract  with  the  LeRoi  Company 
pro\"ided  for  the  smelting  of  37,500  tons  of  ore  at  a  freight  and 
treatment  rate  of  Sll  a  ton,  and  for  an  additional  37,500  tons 
at  similar  rates  to  the  lowest  obtainable  on  the  open  market.  A 
narrow  gauge  railway  was  constructed  by  Mr.  Heinze  from  the 
smelting  works  to  the  mines.  Later  Spokane  men  established 
smelting  works  at  Northport,  Washington,  a  railway  having 
meanwhile  been  constructed  from  the  Spokane  Falls  »S:  Northern 
Railway  at  Northport  to  Rossland.  In  March,  1898,  Mr. 
Heinze  sold  the  Trail  Smelting  works  and  the  Columbia  &  West- 
ern Railway  from  Rossland  to  Trail,  and  thence  up  the  Colum- 
bia, to  the  Canadian  Pacific  Railway  Co.,  and  afterwards  a 
separate  company  was  organized  to  operate  the  smelting  works, 
which  company  eventually  developed  into  the  present  Con- 
solidated Mining  &  Smelting  of  Canada,  Ltd." 

Mr.  Jacobs  also  referred  to  the  fact  that  during  the  nineteen 
years  of  Rossland's  productivity,  from   1894  to  1912,  the  mines 
had    produced   4,104,228   tons  of   ore  containing  2,018,152  ozs 
gold,  3.383,951  ozs.  silver,  and  86,838,170  lbs.  copper,  represent- 
ing a  gross  value  of  855,577,452. 

Commenting  on  Mr.  Jacob's  notes  Mr.  S.  S.  Fowler  men- 
tioned that  in  the  early  days,  when  travelling  in  a  stage  to  the 
North  Star  mine.  East  Kootenay,  with  Joe  Bourjois  (Bour- 
jois  is  stated  to  have  located  the  North  Star  in  1892),  the  latter, 
during  the  three  or  four  days'  journey  frequently  lamented  that 
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his  partner  had  sold  the  War  Eagle  for  too  low  a  sum — only 
S45,000,  which,  however,  Mr.  Fowler  thought  was  a  fair  price' 
for  the  prospect  that  property  then  was. 

A  member  asked  whether  the  ore  still  holds  out  at  depth 
in  Rossland  mines,  and  what  depth  had  been  reached.  In  reply, 
the  chairman  stated  that  the  bottom  of  the  deepest  shaft  in  the 
Centre  Star  is  2,300  ft.  from  its  collar. 

Other  papers  read  at  this  meeting  included:  "The  Use  of 
Oxygen  Helmets  in  Mine  Fires,"  by  E.  P.  Dudley,  of  Kellog, 
Idaho;  "Surface  Ore-Handling  and  Sorting  Arrangements  at  the 
Centre  Star  Mine,"  by  M.  E.  Purcell;  "The  Copper  Smelting 
Department  of  the  Consolidated  Mining  and  Smelting  Com- 
pany of  Canada's  Works  at  Trail,  B.C.,"  by  James  Buchanan; 
"  The  Effect  of  Lime  on  the  Solubility  of  Silver  in  Cyanide 
Solutions,"  by  H.  W.  Forster,  of  Nampa,  Idaho;  and  "The 
Refining  Plant  and  Processes  at  Trail,  B.C.,"  by  J.  F  Miller. 
In  this  latter  paper  the  author,  after  mentioning  that  the  base 
bullion  to  be  refined  contains  about  97  per  cent,  lead,  the  remain- 
ing 3  per  cent,  consisting  of  gold,  silver,  antimony,  arsenic, 
copper,  zinc,  and  traces  of  other  metals'  Mr.  Miller  showed  the 
course  followed  in  treating  the  bullion  from  the  lead  through  the 
refining  tanks,  and  thence  to  the  melting  pots  and  finally  to  the 
moulds  in  which  are  cast  the  pigs  of  refined  lead.  The  treatment 
of  the  slime  which  contains  the  precious  metals  of  the  original 
base  bullion,  its  removal  from  the  anode,  filtering  drying  and  roast- 
ing, and  melting  in  the  reverberatory  furnace;  the  parting  of  the 
gold  and  silver  contained  in  the  dore  metal  product  of  the  rever- 
beratory, and  the  final  treatment  of  gold  and  silver,  respective- 
ly;— the  former  leaving  the  refinery  with  an  assay  value  995 
fine  or  better,  and  the  latter  999.54  fine — were  also  described. 
Incidentally,  the  Miller  sheet-casting  machine,  an  ingenious 
device  for  making  cathode  starting  sheets,  was  mentioned  and 
its  operation  indicated.  Reference  was  also  made  to  the  pipe- 
making  plant,  for  the  manufacture  of  lead  pipe  of  various  sizes. 
Finally,  brief  notes  were  given  of  the  treatment  of  the  solution 
of  copper  sulphate  produced  in  precipitating  the  silver — its 
evaporation  and  crystallization — and  the  blucslonc  or  blue 
vitriol  product  sold  to  fruit  growers,  wheat  farmers,  and  others. 
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At  a  subsequent  session  the  subject  of  metal  mine  accidents 
was  discussed.  Mr.  Jacobs,  quoting  from  the  offtcial  records, 
stated  that  in  ten  years,  1902-1911,  inclusive,  there  had  been  162 
fatalities  in  the  metal  mines.  The  death  rate  for  the  eight 
years,  1904-1911,  ranged  from  3.89  in  1905  to  5.93  in  1908. 
The  returns  for  three  recent  years  are:  For  1909,  4.9;  1910, 
4.19;  and   1911,  5.24  per  1,000. 

The  following  gentlemen  were  elected  to  serve  on  the  Branch 
Council  for  the  ensuing  year: 

Chairman,  Mr.  \V.  J.  Sutton,  \'ictoria,  B.C.;  Councillors, 
Messrs.  John  Hopp,  Barkerville;  \V.  R.  Wilson,  Fernie;  C.  H. 
McDougall,  Marysville;  W.  E.  Zwick}-,  Kaslo;  Douglas  Lay, 
Silverton;  S.  S.  Fowler,  Riondel;  F.  Chas.  Merry,  Ferguson; 
Charles  Graham,  Middlesboro;  \V.  H.  Armstrong,  \^ancouver; 
O.  B.  Smith,  Vancouver;  Thomas  Graham,  Victoria,  and  J. 
Cleveland  Haas,  Spokane,  Wash.;  Secretary,  Mr.  E.  Jacobs, 
\^ictoria,  B.C. 

Rocky  Mountain  Branch. 

Meetings  of  this  Branch  were  held  at  Fernie,  B.C.,  on  March 
20th;  and  at  Frank,  Alta..  on  July  24th.  Mr.  W.  R.  Wilson, 
General  Manager  of  the  Crow's  Nest  Pass  Coal  Co..  Chairman 
of  the  Branch,  presided  at  both  meetings.  Among  the  papers 
read  were  the  following:  "  Goutal's  Formula  for  the  Determination 
of  B.  T.  U.  in  Coal  from  Proximate  Analyses,"  by  W.  D.  L. 
Hardie;  "Roof  Movements  in  a  Coal  Creek  Mine; — Bumps, 
their  Cause  and  Effect,"  by  John  Shanks;  "Provincial  Mining 
Legislation,"  by  W.  F.  McNeil;  "Preservation  of  Mine  Tim- 
bers," by  S.  A.  Jones;  "Some  Data  for  Preliminary  Estimates 
of  Colliery  Plant,"  by  N.  C.  Pitcher;  "Mine  Rescue  Appar- 
atus and  the  Value  of  Mine  Rescue  Work,"  by  F.  Aspinall 
and  A.  A.  Miller;  and  "Powder  Magazines,"  by  L.  Stockett. 
In  addition,  three  papers  on  " L'nderground  Haulage  in  the  Flat 
Mining  Areas  of  the  Provinces  of  Alberta  and  Saskatchewan," 
were  submitted  by  Messrs.  J.  Shanks,  R.  J.  Lee  and  J.  M. 
Stevenson,  respectively,  in  competition  for  the  prize  of  S50, 
offered  by  Mr.  W\  R.  Wilson,  Chairman  of  the  Branch,  for  the 
best  paper  on  this  subject. 
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In  connection  with  the  discussion  on  Mr.  McNeil's  paper, 
on  "Provincial  Mining  Laws,"  Mr.  Wilson  took  occasion  to- 
comment  on  the  qualification  of  fire-bosses.  He  said:  "The 
selection  of  men  to  serve  in  this  capacity  requires  more  than  or- 
inary  care.  The  responsibilities  attaching  to  the  duties  are  heavy 
and  varied.  In  fact  I  do  not  know  of  any  position  underground 
that  necessitates  more  detailed  knowledge  as  well  as  practical 
capacity.  The  fire-boss,  for  example,  must  be  able  to  deal 
with  men.  He  should  know  and  be  able  to  advise  how  danger 
may  be  ax'oided  in  such  operations  as  timbering,  haulage,  the 
drawing  of  pillars  and  roof  weighting.  He  should  also  possess 
some  knowledge  on  the  subject  of  the  diffusion  and  generation 
of  mine  gases.  Thus,  supposing  a  fire-boss  be  in  charge  of  two 
places  that  are  advancing  into  new  areas  where  gas  is  likely 
to  generate  freely;  he  should  have  sufficient  knowledge  of  diffu- 
sion to  enable  him  to  avoid  applying  excessive  air  volumes  or 
of  attempting  to  force  abnormal  diffusion.  The  best  class  of 
fire-boss  is  generally  recruited  from  the  ranks.  He  must  like 
his  work  and  have  a  special  aptitude  for  it,  and  he  must  supple- 
ment his  practical  knowledge  by  study  in  order  to  equij)  himself 
for  really  efficient  work.  A  competent  fire-boss  will  become  a 
good  o\-crman;  and  in  time  may  aspire  to  the  post  of  manager." 

Con.\LT  Br.\ncit. 

At  a  meeting  of  this  Branch  held  on  July  lOth,  the  following 
officers  w^ere  elected  for  the  year  1913:  Chairman,  Mr.  H.  V. 
Neelands;  Secretary -Treasurer,  Mr.  Arthur  A.  Cole;  Committee, 
Messrs.  B.  Neilly,  Charles  Watson  and  Fraser  Reid. 

Toronto  Branch. 

At  the  annual  business  meeting  of  the  Toronto  branch, 
the  following  officers  were  appointed  for  the  year  1913-1914: 
Executive  Committee — Chairman,  Mr.  James  McEvoy;  Sec- 
retary, Mr.  A.  G.  Burrows;  and  Messrs.  F.  C.  Loring  and  W.  A. 
Parks;  Reception  Committee,  Messrs.  W.  F.  Ferrier,  H.  E.  T, 
Haultain.  Alex.  M.  Hav,  W.  G.  Miller  and  J.  C.  Murray. 
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THE  COPPER  BEARING  TRAPS  OF  THE  COPPERMINE 

RIVER. 

By  James  Douglas,  New  York. 

(Aiittiial  Mittini;.   Otlaua.  i(/ij.) 

The  copper-bearing  traps  of  the  Coppermine  River,  wiliiin 
the  Arctic  Circle,  have  received  more  attention  at  the  hands  of 
the  historian  and  traveller  than  of  the  petrologist,  miner  or 
metallurgist.  Mr.  Tyrrell's  collection  of  references,  published 
in  last  year's  Transactions  of  the  Institute,  is  practically  ex- 
haustive of  the  literature  of  the  subject  to  date.  I  desire,  how- 
ever, to  supplement  this  information  by  quoting  one  or  two 
extracts  that  he  has  omitted  or  that  seem  worthy  of  repetition 
in  extenso. 

After  the  abortive  expedition  from  England  in  1719  to  look 
for  the  Coppermine  River,  a  Committee  of  the  House  of  Commons 
took  evidence  on  the  subject.  The  next  important  reference 
was  made  by  Joseph  Robson  in  his  "Account  of  a  Six  Years' 
Residence  in  Hudson's  Bay  between  the  years  1733  and  1746." 
In  it  he  blames  the  Company  for  its  lethargy  in  the  role  of  a 
discoverer.     He  says: 

"There  are  the  strongest  appearances  of  rich  mines  in  various 
parts  of  the  country.  I  have  seen  pieces  of  shining  ore  which 
were  brought  from  Knight's  Hill,  about  thirty  miles  east  by 
south  from  Churchill  River.  A.nd  it  appeared  from  the  evi- 
dence before  the  Committee  that  ore  had  been  brought  to  the 
southern  factories,  of  which  buckles  were  made;  that  there  is  a 
valuable  lead  mine  upon  the  east  main,  the  ore  of  which  was 
produced,  and  that  native  cinnabar  was  found  upon  the  coast 
between  Churchill  and  Nelson  Rivers,  from  which  quicksilver  was 
extracted  and  a  specimen  of  it  sent  to  the  Company.  There  are 
also  the  strongest  probabilities  of  there  being  a  rich  copper  mine 
northwest  of  Churchill  River.  I  have  seen  several  pieces  of  this 
ore;  the  Indians  of  those  parts  wear  them  by  way  of  ornament 
about  their  necks  and  wrists;  and  a  man  who  was  present  upon 
making  the  settlement  at  Churchill  River  informed  me  that  the 
Indians  had  ice  chisels  and  other  implements  made  of  this 
copper;  and  the  people  at  the  factory  called  them  Copper  Indians 
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by  way  of  distinction,  as  by  their  own  account  they  came  from 
that  part  of  the  country  where  the  mine  is  situated.  But  not-' 
withstanding  the  agency  of  such  a  variety  of  proofs,  the  Company 
have  set  it  at  defiance,  and  made  not  the  least  sincere  and  effec- 
tual effort  to  push  the  discovery  of  these  mines.  Nay,  for  the 
sake  of  invahdating  the  evidences  for  the  copper  mine,  their 
friends  have  even  ventured  to  assert  that  the  copper  brought 
down  by  the  Indians  was  not  the  produce  of  a  mine,  but  broken 
pieces  of  brass  guns  belonging  to  a  Danish  wreck  which  they 
found  upon  some  coast." 

Mr.  Tyrrell  mentions  Thomas  Simpson's  reference  to  the 
copper-bearing  rocks  on  the  islands  of  Coronation  Gulf  and 
Bathurst  Inlet  in  his  "Narrative  of  Discoveries  on  the  North 
Coast  of  Ameriga  in  1839,"  but  its  importance  justifies  its  quota- 
tion in  full: 

"On  the  17th  (June)  the  ground  was  frozen  hard,  but  the 
wind  decreasing  in  the  afternoon,  we  carried  fon\'ard  our  baggage 
to  the  Dismal  Lakes,  where  the  ice  lay  as  solid  as  in  midwinter 
and  the  hills  glistened  with  snow.  A  branch  of  the  Copper  Mts. 
stretches  along  the  northern  sides  of  these  lakes,  out  of  view, 
except  at  the  lower  part  near  Kendall  River,  where  the  natives 
report  having  found  large  masses  of  metal.  Some  metalliferous 
stones  were  picked  up  here,  but  we  had  no  leisure  to  prosecute 
our  researches  farther."" 

Regarding  the  discovery    of    copper  on    Barry  Islands    he 

says:^     "A    breeze     springing    up     from    the    northeast,    we 

sailed  across  Arctic  Sound,  and  at  8  P.M.  encamped  on  Woolaston 

Point Very  early  on  the  31st   (July,   1837)   I  ob- 

serv^ed  from  the  summit  of  the  rocks,  the  gradual  formation  of  a 

narrow  lane  of  water    stretching  across  towards  Barry  Islands. 

We  immediately  embarked  and  effected  the  traverse  in  two  hours. 

.     .     .     .     On  the  2nd  of  August  we  extricated  ourselves  from 

the  ice,  the  northerly  winds  continuing,  we  sailed  around  the 

south  side  of  the  island,  which  is  about  six  miles  long  and  two 

wide.     Then,  crossing  a  broad  channel  leading  to  the  southward, 

we  landed  on  the  next  island  of  the  same  group,  which  appeared 

1  Robson.  Page  GO-61. 

'_'  Narrative    of    discoveries    on    the    North    Coast    of    America,    by    T. 

Simpson,  Page  2.52. 
3  Ibid,  Page  279. 


Copper  Bearixg  Traps,  Coppermine  River — Douglas.  85 

of  great  extent.  From  the  top  of  the  lofty  trap  cliffs  I  dis- 
covered a  narrow  part  with  water  on  the  northern  side.  It 
proved  a  high  rocky  isthmus  a  quarter  of  a  mile  broad,  across 
which  we  carried  the  boats  and  cargoes.  After  rowing  about  half 
a  league  we  had  to  break  our  way  through  a  stream  of  ice,  and  a 
few  furlongs  further  came  again  to  the  edge  of  the  main  body  of 
ice,  where  we  encamped  at  9  P.M.,  having  by  our  toilsome  and 
circuitous  route  adv^anoed  only  eight  miles  of  direct  distance. 
Our  detention,  the  following  day,  was  amply  compensated  by 
my  fortunate  discovery  of  several  pieces  of  pure  copper  ore. 
They  were  lying  amongst  the  debris  at  the  foot  of  a  crumbling 
rock,  which  had  evidently  fallen  from  the  trap  hills  above.  The 
cliffs  were  everywhere  stained  with  verdigris,  indicating  the 
presence  of  the  metal,  which  undoubtedly  abounds  in  these 
islands.  Coloured  quartz  crystals  and  vesicules  were  frequent, 
and  I  preserved  specimens  of  the  leading  rocks,  both  here  and  all 
along  the  coast." 

The  information,  howexer,  from  all  these  sources  is  very 
viigue,  the  only  scientific  data  being  those  of  Dr.  Richardson  and 
of  Dr.  Flett's  determinations  of  the  collection  of  specimens 
brought   back   by    Hanbur\-. 

I  am  fortunately  able  to  la>-  before  the  Institute  some  little 
addition  to  our  knowledge  of  these  rocks,  gained  by  a  partv  of 
three  young  men,  consisting  of  Mr.  George  M.  Douglas  and  his 
brother,  Lieutenant  Lionel  Douglas,  of  the  Canadian  Pacific 
Steamship  service,  accompanied  by  Dr.  August  Sandberg,  a 
Swedish  chemist  and  geologist,  who  visited  the  Coppermine 
River  in  the  autumn  of  1911  and  the  spring  of  1912.  Dr. 
Sandberg  could  report  only  upon  one  section  of  the  copper- 
bearing  traps,  those  to  the  west  of  the  Coppermine  River,  owing 
to  the  ice  breaking  up  when  they  reached  it  in  May,  and  the  water 
remaining  too  high  to  cross  the  river  prior  to  the  date  of  leaving 
it  on  the  17th  of  June. 

I  present  Dr.  Sandberg 's  report  in  full,  and  the  result  of 
Mr.  Graton's  examination  of  the  specimens  brought  back  by  Dr. 
Sandberg: 
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Report  on  a  Reconnaissance  along  Lower  Coppermine 
River,  Canada. 

Itinerary. 

"On  the  25th  of  May,  1911,  George  M.  Douglas,  L.  D. 
Douglas  and  I,  a  party  of  three,  left  Athabasca  Landing  with  the 
object  of  reaching  Coppermine  River  in  northern  Canada,  and 
of  making  investigations  over  the  copper-bearing  rocks,  known  to 
exist  at  this  river  and  along  the  Arctic  coast  east  of  Coppermine 
River.  George  M.  Douglas,  acting  as  chief  of  the  party,  had 
previously  made  arrangements  with  the  Hudson  Bay  Company 
for  our  transport  to  Fort  Norman,  which  lies  at  the  confluence 
of  Great  Bear  and  McKenzie  rivers.  From  this  point  we  were 
dependent  on  our  own  resources  for  reaching  our  destination. 

"On  our  way  dowp  we  had  bought  a  York  boat  to  take  our 
equipment  up  Great  Bear  River,  and  across  Great  Bear  Lake  to 
its  eastern  end  where  we  intended  to  make  our  winter  quarters. 
At  Fort  Norman,  where  we  were  landed  on  the  5th  of  July,  three 
days  were  occupied  in  negotiating  for  Indians  to  help  us  track 
the  boat  up  Great  Bear  River,  a  distance  of  approximately  90  miles. 

"On  the  afternoon  of  the  8th  of  July  we  were  ready  to  make 
a  start,  with  a  crew  of  six  Indians  and  ourselves,  and  after  six 
days'  travelling  we  arrived  at  the  lake  and  landed  at  the  old 
site  of  Fort  Franklin.  At  this  place  there  is  a  settlement  of 
Great  Bear  Lake  Indians.  We  discharged  the  Indians  and  on  the 
16th  we  hoisted  sail  and  started  on  our  journey  across  Great 
Bear  Lake.  After  eight  days,  during  which  time  we  were  fre- 
quently stopped  by  calm  weather  and  unfavourable  winds,  we 
reached  Dease  River  and  selected  a  place  for  our  winter  quarters, 
three  miles  up  the  river  at  the  foot  of  the  first  rapid.  Of  the  old 
Fort  Confidence,  situated  opposite  the  big  island  in  the  eastern 
end  of  Dease  Bay,  a  few  miles  west  of  the  mouth  of  Dease  River, 
only  the  chimney's  remain  standing.  At  the  place  selected  for 
our  winter  quarters  there  was  already  a  house,  built  and  occupied 
during  the  previous  year  by  Joe  Hodgson,  an  old  Hudson's  Bay 
employee.  We  named  the  place  Hodgson's  Point.  We  stored 
our  supplies  in  Hodgson's  house  and  macle  preparations  for  our 
departure  for  Coppermine  River.  L.  D.  Douglas  remained  at 
Hodgson's  Point  to  build  our  winter  quarter. 
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"On  the  28th  of  July,  George  Douglas  and  I  started  up 
Dease  River  with  a  canoe,  loaded  with  our  supplies.  Dease  River 
is  a  shallow  stream  with  numerous  rapids.  We  made  many 
portages  of  all  or  part  of  our  stufY  around  shallow  boulder-strewn 
rapids.  The  first  15  miles  are  a  series  of  rapids  with  short 
stretches  of  quiet  water  between.  About  15  miles  up,  the  river 
cuts  through  a  limestone  ridge,  forming  a  gorge  with  perpendi- 
cular walls  and  a  strong  rapid  at  the  head  of  the  gorge.  A  couple 
of  miles  beyond  this  gorge  comes  a  stretch  of  quiet  water  about  10 
miles  long,  to  be  succeeded  again  by  a  long  series  of  shallow 
rapids.  Approximately  45  miles  up,  the  ri\er  breaks  through 
a  granite  dyke,  which  for  miles  traverses  the  country  in  a  south- 
west-northeast direction. 

"A  few  miles  above,  this  dyke  the  river  meanders  sluggishly 
with  many  curves  and  cut  banks  through  a  sandflat,  which  ter- 
minates east  in  a  peculiar  shaped,  flat-topped  sand  hill.  This 
hill,  to  which  attention  was  first  called  by  Hanbury  and  which  we 
named  Hanbury's  Kopje,  lies  at  the  confluence  of  the  two  upper 
branches  of  the  river  about  70  miles  from  the  mouth. 

"It  was  our  intention  to  take  the  same  route  as  Hanbury 
followed  on  his  way  from  Coppermine  River  to  Norman.  He 
came  from  the  west  end  of  Dismal  Lake  down  a  branch  of  Dease 
River,  which  he  called  Sandy  Creek.  This  route  has  the  ad- 
vantage of  a  short  portage  over  the  divide,  estimated  by  Han- 
bury to  be  3  miles.  His  description  of  lower  part  of  Sandy  Creek 
is  very  vague  and  we  were  in  much  doubt  which  of  the  two 
branches,  joining  at  Hanbury's  Kopje,  was  the  Sandy  Creek. 

"We  spent  a  few  days  investigating  the  two  branches  and 
surrounding  country  before  we  made  up  our  mind  to  take  the 
northern  branch,  which  proved  to  be  Sandy  Creek.  It  was  the 
evening  of  the  2nd  of  August  when  we  arrived  at  Hanbur^-'s 
Kopje,  and  on  the  morning  of  the  9th  we  started  up  Sandy  Creek. 
This  creek  is  ver\'  shallow;  in  many  places  only  four  inches  of 
water  trickle  over  the  sandy  bottom.  A  few  miles  up  we  had  to 
make  a  two-mile  portage.  The  creek  spreads  out  over  a  stony 
bed  with  insufficient  water  to  float  an  empty  canoe.  Above  this 
stretch  the  same  conditions — stretches  of  shallow  water  over  sand 
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bars  alternating  with  deeper  water — prevailed  until  well  up 
towards  the  head  of  the  creek,  where  the  water  is  deeper,  but  the 
creek  narrows  down  to  a  mere  ditch. 

"On  the  11th,  in  the  afternoon,  we  reached  the  source  of  the 
creek,  a  distance  of  about  12  miles  in  a  straight  line  from  its 
junction  with  Dease  River.  In  the  afternoon  we  walked  over 
the  divide  to  Dismal  Lake  to  investigate  the  portage.  We  found 
that  we  had  a  six-mile  portage  to  make,  but  we  could 
take  advantage  of  a  number  of  small  lakes  or  ponds  on  the  road. 
The  divide  is  low,  the  ascent  scarcely  noticeable.  \Vc  met  a 
lone  Eskimo  at  Dismal  Lake,  who  was  rather  surprised  to  see  two 
strange  men  appear  of  a  sudden.  We  made  the  portage  across 
the  divide  in  two  days.  From  the  top  of  the  divide  to  Dismal 
Lake  our  road  followed  a  gulch  about  three  miles  long,  the  hills 
flanking  the  gulch,  rising  300  to  400  feet. 

"On  the  following  day  we  paddled  down  Dismal  Lake  and 
camped  in  the  evening  at  the  'upper  narrows,'  a  channel  about 
a  mile  long,  that  connects  the  western  long  lake  with  the  middle 
one.  We  found  many  evidences  of  Eskimos  at  this  place  and 
during  the  forenoon  of  the  next  day,  the  15th,  we  were  on  the 
watch  in  the  neighbourhood  in  the  hope  of  finding  some  of  them 
still  remaining,  Init  without  success.  In  the  evening,  we  camped 
at  the  head  of  Kendall  River,  which  conducts  the  water  from  Dis- 
mal Lake  to  Coppermine  River.  Dismal  Lake  (called  Teshi-cr- 
ping  by  the  Eskimos)  is  a  long  narrow  body  of  water,  measuring 
about  thirty-six  miles  from  the  northwest  to  the  southeast  end. 
The  western  part  of  the  lake  gives  the  impression  of  a  great 
cleft  in  the  rock,  widening  out  at  the  extreme  western  end,  and 
sending  a  pointed  bay  towards  the  south.  The  shores  are  rocky 
and  high.  Further  east  the  high  land  recedes,  the  shores  are 
lower,  and  in  some  places  deep  ba>s  cut  inland;  virtually  it  is 
three  lakes,  connected  by  short  narrow  channels.  The  middle 
lake  about  seven  miles  long,  is  confined  between  basalt  shores. 
No  trees  grow  except  at  the  extreme  ends  of  the  lake,  where 
there  is  a  scanty  growth  of  spruce. 

"On  the  16th  of  August,  we  ran  down  Kendall  River,  which 
took  us  seven  hours.     Kendall  River  has  many  rapids,  some  of 
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which  are  bad  to  run  at  this  time  of  the  year.  It  empties  into 
Coppermine  River  through  a  gorge,  cut  in  limestone,  and  leads 
the  way  into  the  gorge  over  a  swift  and  curv'ing  rapid. 

"The  following  day  was  occupied  in  making  repairs  on  the 
canoe,  which  had  received  some  damage  during  the  descent  of 
Kendall  river,  and  in  making  some  investigation  in  the  surround- 
ing country;  and  on  the  18th  of  August  we  went  10  miles  down 
the  Coppermine  River  and  camped  at  the  foot  of  Copper  Moun- 
tain at  the  Great  Bend  of  the  river,  after  three  weeks'  journey 
from  Hodgsons'  Point.  We  remained  here  for  one  week,  making 
investigations  at  the  base  of  the  Copper  Mountains  on  both  sides 
of  the  river,  before  we  started  homeward. 

"According  to  Franklin  and  Simpson,  the  ri\'ers  and  small 
lakes  in  the  country  through  which  we  travelled,  freeze  up  early 
in  September,  and  it  was  necessary  that  we  should  return  while 
the  water  was  open. 

"Upon  our  return  to  Hodgson's  Point  towards  the  middle  of 
September,  we  had  a  short  spell  of  cold  weather,  which  temporar- 
ily ice-bound  the  quiet  stretches  of  water  on  Dease  River,  but  the 
actual  'freeze  up'  did  not  take  place  until  the  middle  of  October. 
"On  our  return  trip  we  had  intended  to  make  some  investiga- 
tions over  the  basalt  beds  north  of  Dismal  Lake,  but  continual 
dense  fog  made  it  practically  impossible  to  accomplish  anything. 
During  the  winter  we  received  notice  from  the  Hudson's  Bay 
Company's  district  manager  of  the  McKenzie  District,  that  the 
steamer  McKenzie  River  would  leave  Fort  Norman  about  the 
first  of  August  1912,  on  its  last  trip  south.  That  made  it  im- 
perative for  us  to  get  to  the  Coppermine  River  at  the  earliest 
date,  permitting  of  field  work.  We  decided  to  haul  our  supplies 
by  dog-sleigh  in  the  early  spring  to  Coppermine  River.  This  we 
accomplished  during  April  and  beginning  of  May.  Our  route  was 
along  Dease  River  to  the  headwaters  of  its  main  branch,  a  lake 
called  A-ping,  over  a  low  divide  to  Teshi-er-ping  mountain  and 
along  the  southern  edge  of  the  basalt  formation  to  Coppermine 
River,  a  journey,  with  a  loaded  sleigh,  of  five  days  without  any 
undue  exertion. 

"On  the  12th  of  May  we  had  all  our  supplies  at  Coppermine 
River  and  a  camp  established  at  Stony  Creek.  It  proved  an  easier 
task  to  move  the  supplies  in  the  spring  on  the  snow  with  dog- 
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sleigh  than  in  the  summer  with  canoe.  There  was  still  too  much 
snow  on  the  ground  to  do  any  work,  but  just  after  our  arrival  we 
had  a  few  days'  warm  weather,  which  practically  cleared  the 
Coppermine  River  valley  of  snow.  We  proceeded  along  the  river 
to  the  Arctic  Coast,  packing  what  supplies  we  needed  on  the  dogs 
and  ourselves. 

"On  our  return,  the  8th  of  June,  to  Burnt  Creek,  the  snow- 
drift which  had  occupied  the  valleys  along  the  cliffs  in  the 
mountains  were  practically  gone.  The  16th  of  June  we  concluded 
our  investigations  at  the  Copper  Mountains,  and  started  on  our 
homeward  journey  the  following  day. 

"  During  our  spring  travelling  we  had  the  valuable  assistance 
of  J.  Hornby,  an  English  traveller,  who  wintered  at  Great  Bear 
Lake,  and  of  his  dog  team. 

Topographic  Features. 

"No  high  mountains  exist  in  the  area  here  considered,  which 
extends  from  Dismal  Lake  eastward  to  a  few  miles  beyond  the 
116th  Meridian,  and  trends  northward  approximately  following 
this  meridian  from  67th  parallel  to  the  "mouth  of  Coppermine 
River. 

"The  Copper  Mountains,  by  which  term  the  high  land 
trending  east  southeast  from  Dismal  Lake  to  Coppermine  River 
and  beyond,  is  designated,  are  formed  by  a  series  of  basalt 
ridges  with  the  same  general  trend  as  the  range,  and  occupy  a 
belt  about  fifteen  miles  wide.  Towards  the  south  they  terminate 
abruptly  in  a  nearly  straight  line,  for  miles,  dropping  with  a 
perpendicular  wall  to  the  broad  valley  of  slight  relief  adjoining 
the  mountains  to  the  south.  The  mountains  attain  only  an 
elevation  of  1200  to  1500  feet,  presenting  the  appearance  of  a 
plateau,  interrupted  by  a  number  of  mutilated  ridges,  facing 
south  with  perpendicular  cliffs  of  varying  height,  and  sloping 
gently  towards  north. 

"The  Coppermine  River,  traversing  the  valley,  with  a 
northerly  course  to  the  south  of  the  mountain,  enters  the  Copper 
Mountains  about  five  miles  below  Kendall  River.  Striking  the 
hard  basaltic  rock  it  curves  eastward  and  assumes  a  course  prac- 
tically parallel  with  the  trend  of  the  basalt  ridges  for  a   distance 


Copper  Bearing  Traps,  Coppermine  River — Douglas.  91 

of  20  miles,  before  it  cuts  its  way  through  the  ridges  with  a  curve 
toward    northwest    and  finally  emerges  with  a  northerly  course 
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on  the  plain  to  which  the  Copper  Mountains  slope  towards 
north.  In  its  passage  through  the  double  curve  the  river  has  cut 
deep,  and  in  some  places  has  made  a  narrow  valley  through  the 
mountain.  A  number  of  small  creeks  flow  at  right  angles  into  the 
river  and  drain  the  mountains  through  narrow,  constricted 
gulches  in  many  places  dividing  the  hills  in  detached  blocks. 
From  the  valley  the  mountains  rise  by  steps  in  the  nature  of 
terraces  to  the  summit.    The  highest  altitude  is  attained  by  three 
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adjoining  peaks  at  the  point,  where  the  ri-ver  begins  its  eastward 
course.  The  bottom  of  the  valley  in  many  places  is  occupied  by 
low  ridges  and  small  hills  consisting  of  clay  and  gravel 
of  glacial  origin.  On  the  northwest  course  of  the  river,  where  the 
valley  is  quite  broad,  these  clay  and  gravel  deposits  extend  about 
a  mile  from  the  river  on  the  south  shore  forming  a  typical  minia- 
ture glacial  landscape.  A  good  growth  of  spruce  is  sustained  from 
this  soil,  especially  along  the  north  shore  of  the  east  course  and 
on  both  sides  of  the  northwest  course  of  the  river. 

"To  the  north  of  Copper  mountains  the  country  presents  the 
character  of  a  plain  with  slight  relief,  traversed  with  narrow 
basalt  ridges  of  the  same  general  trend  as  the  Copper  mountains. 
Only  the  first  and  last  of  these  ridges  attain  an  elevation  of  about 
400  feet.  Through  this  plain  the  river  has  cut  a  channel  al)out 
100  feet  deep  with  perpendicular  sides  of  sandstone,  alternating 
in  some  places  with  shelving  clay  banks.  Where  the  river  cuts 
through  the  basalt  ridges  the  channel  becomes  tortuous  and 
constricted  to  about  50  yards  and  less  from  its  average  width  of 
about  300  yards. 
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Geologic  Sketch 

The  results  of  our  observations  regarding  the  distributions 
of  the  geological  formations  are  represented  on  the  accompanying 
geological  map.  In  making  the  map  the  observations  of  latitude 
and  longitude  made  by  Franklin  have  been  used.  All  locations 
represented  on  the  map  ha\e  been  made  with  compass  and  pac- 
ing.    Magnetic  Declination  48°  East. 

Limestone 

"Along  the  southern  edge  of  the  Copper  Mountains  lime- 
stone form  part  of  the  cliffs,  with  which  the  mountains  frequently 
terminate  toward  south.  On  a  fresh  fracture  surface  the  lime- 
stone shows  a  highly  crystalline  texture,  generalh'  fine  to  medium 
grained,  of  impure  white  or  grey  colour,  which  sometimes  has  a 
reddish  tinge.  Further  south  between  the  mountains  and 
Kendall  River  the  in  part  precipitous  west  shore  of  Coppermine 
River  is  composed  of  limestone  cliffs  about  100  feet  high  At  the 
exposure  in  the  gorge,  through  which  Kendall  River  flows  into 
the  Coppermine,  the  limestone  beds  are  interleaved  with  thin 
strata  of  fine-grained  red  sandstone.  The  dip  of  the  limestone  is 
flat  towards  north  under  the  mountains. 

Coppermine  Series 

"The  Copper  Mountains  are  composed  of  a  series  of  super- 
imposed flows  of  basaltic  lava,  which  occupy  a  belt  about  16  miles 
wide  in  a  direction  at  right  angles  to  their  strike.  Their  lateral 
extension  is  large,  probably  reaching  east  more  than  200  miles 
across  Bathurst  inlet,  where  Hanbury  describes  the  occurrence  of 
basalt  with  native  copper.  Westward,  and  about  40  miles  north 
of  great  Bear  Lake,  there  is  said  to  exist  basalt,  exhibiting  the 
same  general  character  as  the  basalt  at  Coppermine  River. 
Interstratified  with  the  basalt  are  a  number  of  detrital  beds  of 
reddish  conglomerate.  These  occupy  various  horizons,  but  as 
far  as  our  observation  goes,  they  are  more  numerous  in  the 
upper  part  of  the  series.  The  basalt  occurs  in  distinct  beds  of 
varying  thickness,  striking  approximately  parallel  with  the  range. 
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Westwards  at  Dismal  Lake  the  beds  strike  east  22°  south  and 
show  a  dip  of  only  8°  towards  north.  At  the  great  bend  of 
Coppermine  River  the  strike  is  approximately  east  12°  south 
and  in  the  upper  part  of  the  series  at  Burnt  Creek,  the  beds  strike 
a  few  degrees  north  of  East.  The  most  common  dip  is  12°  north. 
The  effect  of  the  bedded  basic  rock  upon  the  topography  is  every- 
where marked;  a  steep  cliff  facing  south  and  a  long  backward 
slope  towards  north  forming  a  shallow  drift  covered  valley 
between  the  crest  of  one  and  the  rising  cliff  of  the  succeeding  bed. 
The  small  streams  draining  the  mountains  into  Coppermine 
River  divide  the  hills  in  detached  blocks,  rising  terrace-shaped 
from  the  bottom  of  the  willcy. 
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"Some  thick  beds  show  columnar  jointing  in  their  exposed 
cliffs,  but  more  often  the  jointing  has  broken  the  beds  into  irregu- 
lar blocks  with  the  jointing  surfaces  dipping  steeply  towards 
north.  Usually  the  beds  present  a  twofold  di\ision,  an  upper 
narrower  amygdaloidal  and  a  lower  compact  nonamygdaloidal 
portion.  The  lower  massive  part  of  the  bed  is  dense,  crystalline, 
medium  to  fine  grained,  of  dark  gray  nearly  black  colour,  which  in 
some  places  change  to  reddish  brown.  The  compact  and  amyg- 
daloidal portion  of  the  bed,  grade  into  each  other  through  an 
intermediary  zone  with  scanty  development  of  amygdules. 
The  amygdaloidal  phase  of  the  flow  is  usually  covered  by  debris 


Copper  Bearing  Traps,  Coppermine  River — Douglas.  95 

from  the  crumbling  cliffs  and  drift  material.  The  slope  of  the 
bed  is  always  covered  with  grassgrown  soil,  through  which  little 
mounds  of  broken  amygdaloid  frequently  stick  up.  In  some  of 
these  the  pieces  show  worn  edges,  while  others  contain  pieces 
only  with  sharp  edges  and  corners,  indicating  their  connection 
with  an  amygdaloid  bed  at  the  place  which  is  otherwise  covered. 
Frequently  these  broken  amygdaloid  pieces  contain  small  chips 
of  native  copper  in  the  amygdules. 

"The  matrix  of  the  amygdaloid  is  dense  and  shows  usually 
sign  of  alteration  in  various  stages  of  progression  from  compara- 
tively fresh  to  completely  altered  to  epidotite.  In  some  places 
the  alteration  has  proceeded  to  such  an  extent  that  only  a  crum- 
bling mass  remains  with  harder  portions  of  epidotite.  Such  is 
the  case  at  Burnt  Creek  where  an  amygdaloid  of  this  character 
was  found,  containing  chips  and  flakes  of  nati\e  copper  in  the 
altered  rock,  and  at  Copper  Creek  where  an  amygdaloid  outcrops, 
which  shows  prominently  as  a  reddish  mass  with  intermixed 
epidote.  Some  nati\e  copper  was  found  in  this  bed  also.  The 
amygdules  are  filled  with  calcite,  zeolites,  epidote,  chlorite 
quartz,  a  red  mineral  which  probably  is  secondary  orthoclase  and 
native  copper,  one  or  more  of  these  minerals  filling  the  cavity. 
The  amygdules  show  some  variation  in  size  and  form.  They  are 
usually  small  although  amygdules  measuring  more  than  6"  were 
observed,  in  one  place.  At  north  shore  of  Dismal  Lake  an 
amygdaloid  with  elongated  compressed  amygdules,  suggesting  a 
viscuous  flow,  occurs. 

"  In  places  small  fissures  penetrate  the  beds,  forming  sometimes 
a  network  of  small  seams,  traversing  the  shattered  rock.  They 
are  filled  principally  with  calcite,  sometimes  containing  chalcocite. 
Fissures  of  this  kind  were  observed  striking  nearly  north  and  south 
and  east-west.  The  conglomerate  beds,  which  occur  inter- 
stratified  with  the  basalt  beds,  consist  of  pebbles  of  basic  rock, 
pebbles  with  amygdaloidal  development  predominating.  The 
matrix  is  apparently  of  the  same  material  and  is  frequently  per- 
meated by  calcite. 

"To  the  north  of  Copper  Mountain  a  sandy  shale  overlies  the 
basalt  bed  and  is  succeeded  by  fine  to  medium  grained  sandstone, 
which  continues  north  to  the  Bloodv  Falls,  a  distance  of  about  30 
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miles.  Both  shale  and  sandstone  are  of  dark  red  to  brown  colour. 
The  sandstone  consists  of  grains  of  quartz  and  feldspar,  with  a' 
highly  ferrugineous  matrix.  The  feldspar  grains,  which  are 
smaller  than  the  quartz  grains,  predominate.  These  sandstones 
are  similar  to  the  sandstones  in  the  "Nonesuch"  group  of 
Keweenaw  series.  The  deposition  of  the  sandstone  was  inter- 
rupted at  four  different  times  b>'  eruption  of  basalt,  which  flowed 
over  the  floor  and  became  intcrbeddcd  in  the  sandstone.  (Fig.  2.) 
None  of  these  flows  attained  more  than  a  few  hundred  feet 
thickness.  The  rock  shows  a  somewhat  coarser  crystalline 
texture  than  the  basalt  at  Copper  Mountains  and  the  amyg- 
daloidal  phase  of  the  flow  is  cither  scantily  developed  or  non- 
existent. Between  the  last  two  basalt  ridges  occurs  thin  strata 
of  a  greenish  grey  slate  interbedded  with  the  sandstone.  Judg- 
ing from  the  appearance  the  islands  in  Coronation  Gulf  beyond 
the  mouth  of  Coppermine  River  and  the  capes  on  the  west  shore 
of  the  gulf  are  composed  of  basalt  ridges. 

Dykes 

"At  the  foot  of  Sandstone  Rapids  a  dyke,  striking  south  17° 
east,  crosses  the  river.  The  dyke,  which  stands  perpendicular, 
measures  100  feet  and  consists  of  plagioclase  feldspar  and  a  ferro- 
magnesian  mineral.  It  is  possibly  the  source  of  the  magma 
which  formed  the  flows  that  are  interbedded  in  the  sandstone. 
The  dyke  shows  cross-columnar  jointing.  The  centre  part  is 
coarsely  crystalline,  gradually  becoming  finer  in  grain  to  glassy 
at  the  contact  with  the  sandstone.  The  dyke-rock  shows  some 
copper-stain  at  the  contact  with  the  sandstone.  The  sandstone 
has  been  changed  on  both  sides  of  the  dyke  from  the  baking  of 
the  hot  magma.  The  red  colour  is  changed  to  grey.  The 
comparatively  soft  sandstone  has  become  hard  and  fissile  at  the 
contact  with  the  dyke.  The  change  is  visible,  gradually  diminish- 
ing to  150  feet  from  the  contact.  No  data  regarding  the  age  of 
the  Coppermine  series  were  obtained.  "Petrographically  they 
show  great  similarity  to  the  Keweenaw  series  at  Keweenaw 
Point. 
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Glacial  Deposit  and  Glaciation 

"In  the  Copper  Mountains  evidence  of  ice  action  is  every- 
where present  in  the  form  of  bed-rock  scorings  on  the  crests  of 
the  basalt  ridges,  which  have  been  rounded  off  and  poHshed. 
Occasionally  a  cliff  shows  scorings,  indicating  ice  movement  along 
the  cliff.  Glacial  drift  is  to  be  seen  all  over  the  mountains.  In 
the  val'ey  the  lower  benching  and  bedrock  topography  is  in  some 
places  concealed  by  small  terminal  moraines  and  tillsheets,  in 
no  place  reaching  far  up  on  the  hillside.  Most  in  evidence  are  the 
glacial  deposits  in  the  small  basin  around  Tepee  and  Larrigan 
Creeks  and  along  the  south  shore  of  the  Coppermine  River  on 
its  northwest  course  through  the  mountains.  The  sandstone  is 
covered  by  a  thin  sheet  of  till. 

"  On  the  south  side  of  the  basalt  ridge  at  Bloody  Falls  several 
hills  of  grayish  white  stratified  clay,  lie  against  the  basalt  cliffs 
on  both  sides  of  the  river.  These  hills,  which  are  about  300  feet 
high,  have  very  steep  sides,  intersected  by  ravines,  and  present 
a  very  striking  appearance. 

Copper  Occurrences 

"It  has  long  been  known  that  copper  in  the  native  state 
existed  in  the  northern  part  of  Canada.  It  furnished  the  source 
of  supply  for  the  \\eapons  and  utensils  of  copper  used  by  the 
Indians  before  they  were  supplied  with  iron  from   trading  posts. 

"As  early  as  1771,  Samuel  Hearne  on  his  journey  to  the 
Northern  Sea  established  the  fact  that  the  Indians  got  their 
supply  of  copper  from  the  Copper  Mountains.  He  describes 
the  '  mine  '  he  visited  as  situated  about  30  miles  south-southeast 
from  the  mouth  of  Coppermine  River.  That  would  be  in  the 
upper  part  of  the  series  of  basalt  beds  constituting  the  Copper 
Mountain,  and  would  correspond  to  the  eastward  prolongation  of 
the  amygdaloid  beds,  which  outcrop  in  the  hill  in  the  north  side  of 
Burnt  Creek 

"Later,  in  1821,  the  Copper  Mountains  were  visited  by  Sir 
John  Franklin  and  Sir  John  Richardson.  Their  investigations 
were  made  on  the  north  side  of  the  big  bend  of  Coppermine 
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River  around  Stony,  Glance,  and  Big  Creeks.  They  found  many 
evidences  of  native  copper,  but  as  Richardson  states  they  'did 
not  observe  the  vein  in  its  original  repository,  nor  does  it  appear 
that  the  Indians  have  found  it.'  Recently,  Hanbury  observed 
the  occurrence  of  native  copper  in  basalt  on  the  Islands  in  Coro- 
nation Gulf  at  Bathurst  Inlet.  These  islands  arc  probably  the 
eastward  continuation  of  the  Copper  Mountains.  Even  to-day 
the  Coronation  Gulf  Eskimos,  or  at  least  some  of  them,  come  to 
the  Copper  Mountains  for  their  supply  of  copper.  These  people 
do  not  possess  tools  for  working  rock  and  arc  restricted  to  digging 
in  loose  rock  for  pieces  of  copper,  liberated  through  weathering 
and  decomposition  of  the  rock. 

"Judging  from  specimens  in  possession  of  Eskimos  we  met, 
the  pieces  usually  found  are  comparatively  small,  although  they 
occasionally  find  pieces  large  enough  to  beat  out  knives  about 
8"  long  and  about  3"  wide.  In  our  search  we  did  not  find  any 
large  slabs  of  native  copper.  But  in  many  places  we  observed 
small  chips  or  flakes  of  native  copper  in  the  broken  pieces  of 
amygdaloid  which  forms  small  heaps  in  the  flat  soil-covered 
valleys  on  the  back  slope  of  the  ridges.  Usually  more  or  less  of 
a  green  copper-stain  indicates  the  presence  of  native  copper. 
In  two  locations  or  horizons  we  found  native  copper  in  place  in 
amygdaloid  beds,  viz: — at  the  head  of  Copper  Creek  and  in  the 
hill  on  the  north  side  of  Burnt  Creek. 

"At  Copper  Creek  on  the  east  side,  well  upon  the  hillside, 
an  amygdaloid,  showing  an  exposure  of  about  30  feet  thickness, 
outcrops.  The  amygdaloid  is  much  altered,  presenting  a  reddish 
appearance,  which  is  noticeable  at  a  distance.  Kidneys  or  irregu- 
lar masses  of  epidote  occur  in  the  bed.  The  altered  rock  shows 
a  copper  stain  on  the  outside,  and  although  not  abundant,  small 
chips  of  native  copper  were  found  in  this  amygdaloid.  It  ig, 
however,  common  that  the  broken  rock  shows  copper-stained 
amygdules — (Specimen  145).  The  dense  lower  non-amygdaloidal 
portion  contains  tiny  specks  or  shots  of  native  copper.  A 
short  distance  below  this  bed  lies  a  conglomerate,  but  no 
copper  was  observed  in  it.  The  most  favourable  locality  for 
native  copper,  so  far  as  our  observation  went,  is  at  the  north 
side  of  Burnt  Oeek. 
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"A  cross-section  of  the  hill  is  given  in  Fig.  1.  The  bed 
marked  No.  1  shows  an  exposure  of  about  25  feet  thickness  with 
frequent  copper-stain  in  the  amygdules — (Specimen  139).  Red 
bands  of  a  much  altered  rock  with  copper  carbonate  stain  occur 
in  the  bed,  which  in  places  show  cleavage  like  stratification. 
In  bed  No.  2  the  rock,  where  exposed,  has  been  very  much 
altered  in  some  places  to  epidote  and  a  crumbling  mass  of  light- 
coloured  rock,  in  which  nearly  all  the  amygdules  contain 
copper  carbonate — (Specimen  140).  Native  copper  in  the  form 
of  chips  and  flakes  is  fairly  abundant  in  this  altered  rock.  In 
some  instances  a  small  un-oxidized  chip  of  native  copper 
can  be  observed  enveloped  in  copper  carbonate.  Small  fract- 
ures contain  chalcocite.  As  far  as  the  bed  is  exposed  it 
shows  a  depth  of  about  26  feet.  Above  this  amygdaloid  lie 
three  conglomerate  beds.  Of  these  the  two  marked  No.  5  and 
No.  7  show  a  thickness  of  10  to  15  feet  and  contain  some  native 
copper  in  the  amygdaloid  pebbles.  The  bed  marked  No.  6  shows 
an  exposure  indicating  a  depth  of  4  feet.  The  two  amygdaloid 
beds  marked  No.  3  and  No.  4,  lying  higher  up  both  show  frequent 
copperstain,  but  no  native  copper  was  observed  in  them. 

"At  Glance  Creek  about  a  mile  from  its  mouth,  occur  what 
appears  like  a  breccia  but  probably  is  the  filling  of  a  crack.  It 
consists  of  altered  basic  rock  cemented  together  with  quartz 
calcite  and  chalcocite.  It  outcrops  irregularly  in  the  bottom  of 
the  creek  and  on  the  east  bank  of  the  Creek,  where  in  places  the 
adjoining  rock  looks  like  sandstone,  stained  with  copper  car- 
l)onate.  No  native  copper  was  found  here  except  as  tiny  shots 
in  the  hard  basalt  a  few  hundred  paces  to  the  east — (Speci- 
men 149).  Similarly  at  the  mouth  of  Stony  Creek  the  hard 
basalt  shows  native  copper — (Specimen  148).  Here  the 
amygdaloid  phase  of  the  flow  has  been  eroded  away  and  is 
covered  by  drift  where  it  dips  under  the  mountain.  Only  in 
places  the  intermediary  part,  showing  scant  de\'elopment 
of  amygdules  remains." 


Among  the  specimens  brought  back  by  Dr.  Sandberg  were 
some  small  weathered  pieces  of  native  copper  picked  up  on  the 
surface;  but  as  this  section  of  the  copper-bearing  rocks  has  been 
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for  centuries  explored  for  native  copper,  with  such  implements  as 
the  Indians  had,  the  wonder  is  that  any  can  still  be  found.  The 
rock  specimens,  however,  show  flakes  of  metal  in  both  the 
amygdaloid,  the  conglomerates  and  the  traps,  and  the  rocks 
themselves  are,  as  shown  by  Graton,  duplicates  of  those  of  the 
Keweenaw  Series. 

The  copper  resources  of  this  district  are  probably  large,  for 
from  the  Islands  of  Bathurst  Inlet  to  the  exposures  of  these 
Keweenaw  rocks,  recognized  to  the  north  of  the  Dismal  Lakes, 
is  a  distance  of  about  three  hundred  miles.  Stefansson  states 
that  the  shores  of  Victoria  Land,  which  is  separated  from  the 
mouth  of  the  Coppermine  River  by  some  thirty-fi\e  miles  of 
Coronation  Gulf,  is  the  most  productive  region  now  frequented 
by  the  native  copper  miners.  Copper  is  still  preferred  by  the 
Esquimaux  and  Indians  to  iron  for  certain  uses.  What  the  actual 
average  copper  contents  of  any  large  tract  may  prove  to  be 
could  only  be  determined  by  mining  and  sampling  on  a  large 
scale.  A  preliminary  expedition  by  water,  extending  over 
several  years,  might  determine  this  question,  and  that  of  the  exis- 
tence of  fuel  within  economical  reach  of  the  ore;  for  upon  favour- 
able conditions  in  these  two  respects  would  depend  the  possibility 
of  conducting  a  profitable  mining  enterprise  under  the  adverse 
conditions  existing  within  the  Arctic  Circle.  These  islands  in 
Bathurst  Inlet  and  the  mainland  near  the  mouth  of  the  Copper- 
mine River  could  be  reached  by  water  through  Bering  Straits,  or 
from  the  mouth  of  the  Mackenzie  Ri\'er  for  only  a  few  weeks 
of  the  year.  On  the  other  hand  one  has  to  recollect  that  for 
many  years  the  Keweenaw  promontory  of  Michigan  was  cut  off 
from  all  communication  with  the  market  except  during  the 
comparatively  few  months  of  open  navigation;  that  supplies  of 
fuel  and  merchandise  were  conveyed  by  water  to  the  mines  before 
navigation  closed,  and  that  the  copper  accumulated  on  the  pen- 
insula until  navigation  opened  the  following  spring.  The  open 
season  was  of  course  longer  than  it  would  be  in  the  Arctic  Ocean, 
and  the  climate  in  the  Arctic  is  more  severe  than  in  Michigan, 
the  thermometer  dropping  occasionally  to  40°  and  50°  below  zero. 
The  fall  of  snow,  however,  as  reported  by  our  explorers  on  the 
Dease  River,  did  not  exceed  at  any  time  two  feet;  and  therefore 
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mining,  ore  concentration  and  smelting,  as  well  as  railway  trans- 
portation, would  not  be  conducted  under  conditions  much  more 
onerous  than  in  the  Province  of  Quebec  or  in  Michigan. 

The  government  is  not  likely  to  go  to  the  very  heavy  ex- 
pense of  determining  practically  the  possible  value  of  these 
copper  deposits,  and  assuredly  no  individuals,  acting  separately 
or  as  a  corporation,  would  undertake  the  task,  unless  the  govern- 
ment would  grant  them  concessions  to  explore  the  whole  region ; 
would  secure  them  such  areas  within  that  region  as  they  might 
select;  and  assure  them  of  title  to  tracts  of  sufficient  magnitude 
of  these  mineral  bearing  formations  to  remunerate  them  for 
the  heavy  risks  and  great  outlay  they  would  have  to  face. 
Stefansson  dreads  the  advent  of  the  white  man  with  his  demoral- 
izing influences  on  the  nativ^es.  It  would  certainly  be  necessary 
that  any  industrial  company  so  remote  from  supervision  should 
be  under  rigid  regulations,  which  would  protect  the  aborigines 
from  the  malign  influence  of  the  white  trader. 

Assays  of  Rocks  from  Coppermine  River,  Canada. 

Specimen  No.  Per  Cent  Cu. 

100         Conglomerate .09 

102         Amygdaloid 05 

3  "  12 

10  Float,  Glance  Creek 43.39 

11  From        "         "        1.78 

13  "  "         "        86 

106  Glance  Creek  above  105.  4''  thick.  ...  .44 

107  "  "  •'       106,  3'   thick  layer  .15 

108  "  "       under  105 09 

139  (c)  Amygdaloid  Bed  No.  1 1 .85 

140  (a)  "  "  2,  Burnt  Creek.  .  .08 
140  (b)  "  "  2,  "  .  .  .07 
140(c)            "                   "         2,            "            ..      *7.77 

144  "  "        1 19 

105         From  Glance  Creek .008 

143         Conglomerate  No.  5 .084 

130         Sandstone 002 

142         Conglomerate  No.  4 .016 

149         Basalt  (cont.  native  cu.) .069 

*  a  sample  weighing  179.3  grams  C3ntained  1.24.32  grams  of  metallic  copper  in  grains  of 
such  size  that  they  would  not  go  through  lOO-mesh  seive. 


NOTES    ON     ROCKS 

FROM    THE 

COPPERMINE  RIVER  REGION,  CANADA. 

By  L.  C.  G RATON. 

{Annual  Meeting,  Ottaica,  1913) 

General  Features  of  the  Basic  Rocks  collected 
BY  THE  Douglas  Expedition. 

From  the  considerable  collections  of  rocks  brought  back 
by  the  recent  Douglas  Expedition  from  the  Coppermine  River 
region  of  Northern  Canada,  eleven  specimens  were  chosen  for 
microscopic  study  on  account  of  their  c\ident  representation  of 
the  most  important  features  of  the  collection,  and,  also  in  part, 
because  of  their  marked  similarity  to  typical  rocks  from  the 
copper  bearing  region  of  Keweenaw  Point,  Michigan.  The  thin 
sections  of  these  eleven  rocks  have  been  given  some  study  under 
the  microscope  and  the  results  of  this  are  appended  at  the  end 
of  this  paper.  The  paragraphs  below  summarize  the  chief 
features. 

The  eleven  specimens  studied  are  in  all  cases  basic  rocks, 
and  except  for  some  differences  in  the  degree  of  alteration 
which  they  have  undergone,  they  possess  mineralogical  and 
structural  characteristics  that  are  generally  similar.  Of  the 
number,  eight  are  named  basalt  and  three  diabase;  but  the  dis- 
tinction is  largely  based  on  size  of  grain,  as  the  intersertal  text- 
ure of  the  basalts  is  closely  sim  lar,  though  of  finer  grain,  to  the 
typical  ophitic  texture  of  the  diabases. 

The  essential  primary  constituents  of  these  rocks  consist  of 
colourless  augite  and  a  plagioclase  feldspar  of  moderately  basic 
composition,  most  commonly  labradorite.  A  much  less  abun- 
dant constituent  and  one  that  is  lacking  in  several  of  the  rocks  is 
a  dark  reddish-brown  biotite  a  variety  rather  commonly  en-- 
countered  in  basic  rocks  of  this  nature,  especially  in  those  which 

carry   a    considerable    quantitv    of    magnetite   and   apatite   as 

102 


Notes  ox  Rocks,  Coppermine  River — Graton.      103 

accessory  constituents,  as  is  the  case  in  the  rocks  of  this  collection. 
Quartz  is  absent,  except  in  one  diabase,  in  which  it  is  graphic- 
ally intergrown  with  the  feldspar  to  form  micropegmatite. 
Olivine  appears  to  be  lacking  entirely. 

Some  of  the  rocks  are  almost  perfectly  fresh.  This  is  es- 
pecially true  of  the  coarser  grained  diabases;  and  the  field  evidence, 
together  with  that  afforded  by  the  microscope,  indicate  that 
some  of  these  may  be  intrusive  masses  such  as  dykes  or  sills, 
whereas  undoubtedly  most  of  the  rocks  are  effusive  and  were 
poured  out  as  flows,  many  of  them  developing  thereby  a  vesi- 
cular structure,  with  the  ultimate  formation  of  amygdaloids. 
These  finer  grained  elTusi\-e  varieties  have  undergone  a  consider- 
able amount  of  alteration,  particularly  those  in  which  the  porous 
or  vesicular  structure  was  developed.  The  decomposition  seems 
to  have  been  suffered  especially  by  the  augite,  from  which  have 
been  derived  chlorite  and  serpentine  as  the  most  important 
alteration  products,  with  some  secondar}-  hornblende.  In  some 
specimens,  sericite  has  formed  from  the  feldspar  and  in  some 
others,  epidote  has  resulted  in  abundance  from  the  alteration 
of  both  the  feldspar  and  the  pyroxene;  but  in  general,  no  further 
alteration  of  the  feldspar  has  been  experienced  than  incomplete 
kaolinization. 

In  addition  to  these  alteration  products,  v.hich  plainl}'  have 
been  formed  at  the  expense  of  the  primary  constituents  of  the 
rocks,  there  are  other  secondary  minerals  which  appear  to  owe 
their  presence  rather  to  introduction  of  additional  materials  than 
to  re-arrangement  and  alteration  of  the  initial  rock  constituents. 
Comprising  this  class  are  quartz,  secondary  feldspar,  nati\'e 
copper  and  pyrite.  The  first  three  of  these  are  developed  mainly 
either  in  the  amygdaloidal  openings  or  in  other  openings  and 
fractures.  Native  copper  at  least  is  formed  in  some  cases  by 
replacement,  especially  of  the  primary  feldspar.  The  \-ery  sparing 
small  grains  of  pyrite  occur  rarely  in  minute  fracture  fillings,  but 
usually  have  formed  by  replacement  of  some  of  the  primary 
minerals.  Some  of  the  secondary-  feldspar  is  very  turbid  and  its 
true  character  cannot  be  determined,  but  much  is  fresh  and  clear, 
and  this,  as  well  as  a  great  part  of  the  turbid  sort,  shows  twinning 
striations  and  corresponds  in  composition  to  albite  and  oligoclase. 
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Included  with  the  quartz  and  feldspar  in  some  of  these  amygda- 
loidal  or  miarolitic  fillings  are  crystalline  grains  and  rosettes  of 
epidote. 

In  the  thin  sections  of  the  three  specimens  in  which  native 
copper  has  been  found,  it  occurs  in  small  to  minute  regular  or 
subrounded  grains.  In  no  case,  save  one,  does  it  show  a  preference 
for  deposition  within,  upon  or  near  a  basic  mineral,  anexception 
to  this  being  a  small  grain  which,  in  the  plane  cut  by  the  thin 
section,  appears  to  be  wholly  surrounded  by  magnetite.  The 
possibility  suggested  by  this  occurrence  that  the  copper  crystal- 
lized out  before  the  magnetite  and  hence  was  surrounded  by  it 
may  probably  be  excluded ;  but  whether  this  instance  represents 
later  infiltration  of  copper  actually  within  a  magnetite  grain  or 
simply  deposition  of  native  copper  adjacent  to  magnetite,  filling 
a  depression  in  it  which  has  happened  to  be  cut  across  by  the 
plane  of  the  section,  it  is  impossible  to  determine  positively, 
but  the  latter  explanation  seems  more  likely. 

comparison   with    rocks   from    this    region   collected    by 

OTHER  expeditions. 

A  series  of  rocks  from  this  part  of  Northern  Canada  east  of 
Coppermine  River,  collected  by  the  Hanbury  Kxpcdition  of  a 
few  years  ago  were  petrographically  studied  by  Dr.  John  S.  Fleet, 
of  the  British  Geological  Survey.  Excluding  a  few  specimens  of 
wholly  different  nature  and  plainly  derived  from  the  fundamental 
basement  rocks,  the  descriptions  by  Fleet  indicate  that  Hanbury 
found  rocks  very  similar  to  those  collected  by  the  Douglas 
Expedition.  The  main  differences  between  the  two  sets  of  rocks 
are  the  purplish  colour  of  the  augitc,  indicating  probably  a  content 
of  titanium,  the  presence  of  some  olivine  and  the  absence  of 
metallic  copper  in  the  Hanbury  rocks,  though  in  one  of  the  speci- 
mens Fleet  describes  a  reddish  earthy  material  which  is  found 
chemically   to  contain   copper. 

A  number  of  specimens  collected  by  the  recent  Stefansson 
F2xpedition,  from  the  mainland,  both  east  and  west,  as  well  as 
near  Coppermine  River,  and  from  the  little-known  islands  to 
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the  north  have  recently  been  made  available  for  study  through 
the  courtesy  of  Mr.  R.  W.  Brock,  Director  of  the  Canadian 
Survey. 

Of  the  collections  made  by  Stefansson  and  Anderson,  those 
were  selected  which  seemed  likely  to  shed  any  light  upon  the 
occurrence  of  the  native  copper  of  this  region.  Ten  of  these 
were  studied  microscopically.  On  the  basis  of  texture,  nine  may 
be  named  diabase,  and  one  basalt.  The  field  notes  indicate  that 
the  basalt  is  a  local  phase  of  the  surrounding  diabase,  and  this 
accords  with  the  microscopic  findings.  The  rocks  are  little 
altered,  some  are  perfectly  fresh;  the  absence  of  much  altered 
specimens  and  of  am\'gdaIoidal  varieties  in  the  collection  may 
perhaps,  be  due  to  the  prominence  with  which  fresh  types  would 
outcrop,  whereas  the  altered  and  vesicular  phases,  subject  to 
easy  disintegration,  would  be  less  likely  to  attract  attention. 

On  the  whole  the  Stefansson  rocks  are  much  like  the  non- 
amygdaloidal  specimens  of  the  Douglas  collection.  They  are 
even  more  like  the  Hanbury  rocks  described  b>'  Fleet;  they  have 
the  same  purplish  augite,  and  some  of  them  contain  olivine. 
Micrographic  intergrowth  of  quartz  and  feldspar  is  seen  in  two 
or  three.  A  feature  not  observed  in  the  Douglas  specimens  nor 
mentioned  by  Fleet  is  shown  in  some  of  the  Stefansson  rocks, 
namely,  a  combined  poikiHtic  and  ophitic  texture,  so  that  good 
sized  crystals  of  augite  are  penetrated  by  many  laths  of  labrador- 
ite,  giving  the  effect  known  as  lustre-mottling.  Chlorite,  ser- 
pentine, and  calciteare  the  chief  products  of  alteration;  in  some, 
a  very  little  pyrite  is  present,  plainly  later  than  the  solidification 
of  the  rock.  One  specimen  (No,  555)  from  "about  25  miles  north 
of  Dismal  Lake,  10-15  miles  west  of  Coppermine  River"  appears 
to  be  part  of  a  large  spherical  amygdule.  It  is  considerably 
altered,  but  appears  to  consist  mostly  of  plagioclase  (secondary) 
with  some  calcite  and  quartz,  and  numerous  small  grains  that  may 
be  prehnite.  Irregular  small  grains  and  scales  of  nati\e  copper  are 
contained  in  this.  Associated  with  the  native  copper  are  small 
particles  of  a  bluish-black  mineral  that  seems  most  likely  to  be 
chalcocite;  what  little  evidence  there  is  seems  to  indicate  that 
this  mineral  is  not  derived  from  another  metallic  mineral,  but 
was  deposited  with  those  which  now  surround  it. 
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comparison  with  similar  rocks  from  other  region's. 

The  thin  sections  of  rocks  from  the  Coppermine  River  have 
been  compared  with  something  over  a  hundred  of  the  thin  sections 
upon  which  Pumpeliy  based  his  classic  conclusions  regarding  the 
character  and  origin  of  the  Lake  Superior  copper  deposits.  The 
very  striking  similarity  in  appearance  of  many  of  the  hand  speci- 
mens from  the  Coppermine  River  country  with  the  well  known 
types  of  Michigan  traps  and  amygdaloids  is  fully  borne  out  by  a 
comparison  of  microscopic  features.  As  might  be  expected,  the 
specimens  from  the  northern  region  do  not  show  so  wide  a 
range  of  character  as  the  more  numerous  collection  from 
Michigan,  but  the  virtual  absence  in  these  specimens  from  the 
Coppermine  which]  have  been  microscopically  examined,  of 
the  zeolites,  prehnite,  etc.,  (whereas  these  minerals  are  common 
in  Lake  Superior  occurrence,)  might  suggest  that  the  mineralogy 
of  these  Arctic  rocks  is  in  reality  more  simple  than  that  of 
the  lavas  of  Lake  Superior.  Richardson,  however,  nearly  a 
century  ago,  described  prehnite  from  this  region  and  emphasized 
its  intimate  association  with  the  copper:  In  the  copper  bearing 
amygdaloids  of  the  White  Ri\er  Region,  Alaska,*  also,  zeloites 
and  prehnite  are  present  and  these  minerals  are  common  in  other 
cupriferous  amygdaloids  in  various  parts  of  the  world. 

A  notable  difference  between  the  ^lichigan  rocks  and  those 
of  the  C^jj^pcrmine  region  is  that  in  the  former  the  sccondarj^ 
feldspar  is  chiefly  the  potash-bearing  variety,  orthoclase;  where- 
as in  the  Coppermine  country,  the  secondary  feldspar  occurs  in 
similar  association,  but  consists  mainly  of  a  soda-lime,  or  plagio- 
clasc  variety,  and  seems  to  correspond  to  a  composition  ranging 
from  albite  to  oligoclasc  inclusive.  In  olivine  content,  purplish 
augite,  and  lustre-mottling,  the  Michigan  rocks  seem  to  resemble 
less  closely  those  of  the  Douglas  Expedition  from  the  inmiediatc 
environs  of  the  Coppermine  river  than  they  do  those  of  the  Han- 
bury  and  Stefansson  Expedition  collected  from  a  somewhat 
wider  territory.  In  most  of  these  deposits' of  this  type,  primary 
chalcocite  is  a  wide  spread  but  generally  non-abundant  acconi- 

*  Knopf,  A.,  Economic  Geology,  1910,  Vol.  V.,  No.  3.  pp.  247-256. 
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paniment  of  the  native  copper.  The  occurrence  of  this  mineral 
in  the  Coppermine  River  Region  (both  Douglas  and  Stefansson 
collections)  ties  up  still  more  closely  the  deposits  of  the  region 
to  those  of  similar  nature  elsewhere. 


DEDUCTIONS. 

It  seems  evident  that,  as  the  older  literature  implies,  basic 
lavas,  with  some  similar  intrusives,  occupy  a  wide  area  in  this 
part  of  the  Arctic  region.  From  the  specimens  examined  it 
would  appear  reasonable  to  infer  that  these  have  a  close  relation- 
ship in  composition,  source,  and  time  of  formation.  It  should 
not  be  forgotten,  however,  that  basic  rocks  of  this  nature  belong 
to  one  of  the  most  common  and  best  defined  types  known  and  it 
is  therefore  not  safe  to  extend  analogies  in  general  composition 
and  appearance  so  far  as  to  state  definitely  that  the  rocks  from 
\'ari(nis  points  in  this  region  collected  by  the  Douglas,  Stefansson 
and  Hanbury  expeditions  have  a  common  origin  though  such 
a  conclusion  is  indicated  strongly. 

The  commercial  importance  of  the  occurrence  of  native 
copper  in  the  rocks  of  the  Coppermine  River  region  and  adjacent 
territory  cannot,  of  course,  be  determined  without  much  more 
extensive  and  systematic  investigation  directed  at  this  specific 
point  than  has  yet  been  made;  and  it  is,  of  course,  altogether 
unsafe  to  draw  conclusions  upon  so  important  matter  from  a  few 
thin  sections  examined  under  the  microscope. 

There  may  be  significance  in  the  fact  that  the  only  one  of 
the  specimens  studied  from  the  Stefansson  collection  that  con- 
tained copper  was  from  near  Dismal  Lake,  one  of  the  regions 
where  native  copper  is  said  to  have  been  found  in  most  abundance 
by  the  Indians.  From  such  a  viewpoint,  wide  distribution  of  the 
copper  would  not  be  regarded  as  favourable.  On  the  other  hand, 
this  specimen  is  the  only  amygdaloid  that  was  examined  from 
the  Stefansson  collection;  so,  in  view  of  the  preference  of  copper 
for  the  amygdaloidal  phases,  it  is,  perhaps,  not  surprising  that 
the  other  Stefansson  rocks  did  not  show  copper.  It  is  possibly 
significant,  also,  that  in  the  eleven  specimens  of  Coppermine 
River  rocks  from  the  Douglas  collection,   of  which  microscopic 
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study    was    made,    in    none    of    which    was    the    existence    of, 
native  copper  known  at  the  time  of  collection,  copper  was  proved 
by  the  microscope    to  be   present  in  three;  and  this  is  a  higher 
ratio  than  is  exhibited  in  Pumpelly's  thin  sections  of  the  rocks  of 
Keweenaw  Point. 

Finally,  it  may  be  pertinent  to  recall  the  fact  that  the  Michi- 
gan copper  deposits,  though  so  productive  and  remunerative, 
have  been,  on  the  whole,  of  distinctly  low  grade,  and  that  the 
present  production  of  about  220  million  pounds  annually  is 
derived  from  rock  that  yields  barely  over  1  per  cent  of  copper. 
From  this  standpoint,  therefore,  the  microscopic  findings  upon  the 
Coppermine  River  amygdaloids  would  seem  sufficient  to  iustif\- 
additional  and  more  systematic  prospecting. 


PETROGRAPlilC  DETAILS 

Basall.  (149) — The  microscope  shows  this  to  be  an  evenly 
fine-grained  rock  consisting  mainly  of  feldspar  and  pyroxene  in  im- 
perfect prisms  and  irregular  grains.  The  feldspar,  which  seems  to 
be  mostly,  if  not  wholly,  of  the  variety  labradorite,  exhibits  inter- 
rupted polysynthetic  twinning  in  the  larger  grains  and  in  some 
of  the  smaller  particles.  It  is  considerably  altered  to  indefinite 
patchy  aggregates  that  resemble  hydrargillite,  but  may  be  the 
more  common  alteration  product,  sericite.  The  pyroxene 
is  considerably  altered  to  greenish  aggregates  of  cholorite  and 
serpentine,  but  in  part  these  decomposition  products  may  have 
been  derived  from  some  other  original  bisilicatc,  possiby  biotite. 
Magnetite  in  small  irregular  and  sub-crystalline  granules  is 
plentifully  sprinkled  through  the  rock;  with  rather  plentiful 
apatite,  which  forms  in  small  prisms;  this  was  the  earliest  min- 
eral to  develop.  There  is  a  little  interstitial  material  that  is 
probably  quartz.  The  texture  of  the  rock  approaches  the 
ophitic  character  of  diabase;  in  that  part  of  the  feldspar  indivi- 
duals possess  a  good  lath-shaped  outline  with  the  interstices 
occupied  by  either  pyroxene  or  the  scrpentine-chlorite  masses. 
In  general,  however,  the  prismatic  outline  of  the  pyroxene  grains 
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is  too  well  developed  to  permit  the  rock  to  be  classed  as  a 
diabase.  Native  copper  occurs  in  this  specimen  in  a  number  of 
small  irregular  grains  and  in  numerous  very  minute  dust-like 
particles.  Most  of  this  copper  is  associated  with  the  feldspar. 
Some  of  the  minute  particles  have  the  appearance  of  being 
merely  inclusions  within  feldspar  indixiduals,  and  those  suggest 
that  they  are  a  primary  constituent  of  the  rock.  The  larger 
grains  of  copper  appear  not  to  be  associated  particularly  with 
the  more  decomposed  feldspar,  but  in  the  case  of  many,  a 
narrow  border  is  seen  between  the  copper  and  the  feldspar 
which,  in  most  cases,  seems  to  correspond  to  quartz  but  is 
present  in  too  small  amount  to  permit  positive  determination. 
In  a  few  cases  this  material  is  calcite.  It  appears,  therefore, 
that  the  larger  grains  of  copper  have  been  introduced  sub- 
sequent to  the  crystallization  of  the  feldspar,  and  probably 
the  same  is  also  true  of  the  smaller  grains.  The  size,  however, 
is  too  small  to  give  evidence  of  this.  Though  there  is  suggestion 
in  one  or  two  cases,  there  is  no  positive  evidence  of  association 
of  the  native  copper  with  the  magnetite,  and  the  reddish 
particles  adjoining  magnetite  grains,  seen  in  a  few  instances, 
may  really  be  not  copper,  but  limonite,  or  hematite- 
stained  material,  which  larger  areas  actually  prove  to  be.  Cer- 
tainly none  of  the  larger  grains  of  copper  show  cores  of  magnetite. 
Neither  is  there  intimate  association  of  the  copper  and  pyroxene. 

Diabase.  (137) — This  rock  contains  the  same  principal 
constituents  as  specimen  No.  149.  It  is  distinctly  fresher, 
however,  and  of  coarser  grain.  Ophitic  fabric  is  beautifully 
developed,  so  that  the  name  "diabase"  is  fully  justified.  The 
feldspar  laths  are  long  and  narrow  and  tend  to  be  grouped 
in  radial  or  rosette  arrangement,  with  the  fresh,  nearly  colour- 
less pyroxene  crystallized  in  the  angular  interstices.  Little 
of  the  feldspar  is  altered  but  such  as  is  decomposed  yields 
what  doubtless  is  sericite  and  strengthens  the  likelihood  that 
the  feldspar  decomposition  product,  observed  in  specimen 
No.  149,  is  also  sericite.  Interstitial  areas  consisting  of  ser- 
pentine, chlorite,  black  iron  ore  and  either  sericite  or  shreddy 
talc  ha\-c  e\idently  been  derived  from  the  decomposition  of  a 
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dark  brown,  strongly  pleochroic  biotite,  a  variety  common  in 
basic  rocks  of  this  nature.  The  amount  of  this  composite  alter- 
ation product  is  rather  less  than  the  amount  of  serpentine  chlorite 
material  in  specimen  No.  149,  but  it  seems  likely  that  the  source 
of  both  was  similar.  Magnetite  is  a  little  less  abundant  and 
crystallized  at  a  somewhat  later  stage  than  in  specimen  No.  149. 
Apatite,  which  commonly  is  present  in  notable  amount  in  rocks 
of  this  type,  occurs  in  this  specimen  but  sparingly.  Quartz 
seems  to  be  absent.  This  rock  appears  to  be  a  little  more  basic 
than  specimen  No.  149. 

No  copper  is  to  be  seen  in  this  specimen,  but  one  grain  of 
magnetite  is  associated  with  a  very  little  pyrite  (possibly  chal- 
copyrite). 

Quartz  Diabase.  (133) — Much  coarser  grain  and  the  pre- 
sence of  an  essential  amount  of  quartz  are  the  chief  features 
differentiating  this  rock  from  the  two  specimens  already 
described.  Large  striated  prisms  of  .feldspar,  corresponding 
in  composition  to  basic  labradorite,  arc  slightly  altered  in 
places  to  sericite,  but  for  the  most  part  are  fairly  fresh.  The 
large  angular  interstitial  grains  of  pyroxene  have,  in  many 
cases,  suffered  much  alteration,  the  product  being  uralitic 
hornblende,  some  of  it  in  massive  areas  continuing  the  crys- 
tallographic  orientation  of  the  pyroxene,  and  part  of  it  in 
pscudomorphic  areas  but  with  confused  fibrous  arrangement  in 
the  interior.  Good-sized  irregular  or  angular  individuals  of 
quartz  are  rather  common,  but  more  usual  are  similar  areas  of 
beautifully  developed  micropegmatite  in  which  the  quartz  and 
feldspar  are  intergrown  graphically.  There  is  a  very  little  deep- 
brown  biotite.  Many  small  needles  of  apatite  are  present,  but 
the  amount  of  this  mineral  is  not  so  great  as  in  specimen  No.  149. 
Magnetite  occurs  in  larger  grains,  but  its  aggregate  amount  is 
less  than  in  the  preceding  specimens. 

No  copper  is  to  be  seen,  but  small  particles  of  pyrite  are 
associated  with  the  magnetite  grains. 
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Diabase.  (104) — This  rock  is  not  unlike  specimen  No.  149  but 
is  a  little  finer-grained  and  exhibits  better  development  of  the 
ophitic  texture.  The  feldspar  appears  to  be  rather  sodic  labradorite 
and  has  undergone  the  same  sort  of  alteration,  though  in  less 
degree,  as  in  No.  149.  The  pyroxene  is  little  altered  to  serpentine 
or  chlorite,  but  is  somewhat  stained  reddish-brown,  evidently 
through  the  oxidation  of  adjoining  grains  of  magnetite,  which 
are  plentiful.  Biotite  and  quartz  are  not  present.  Apatite  is 
sparing.  Pyrite  is  absent.  The  red  colour  of  the  rock,  due  to 
widespread  iron  stain,  makes  it  impossible  to  be  sure  whether 
exceedingly  minute  bright  reddish  spots  are  in  all  cases  metallic 
copper  or  are  reflection  surfaces  from  red-stained  pyroxene;  it 
seems  probable,  however,  that  most  are  not  copper,  but  a  few 
small  specks  certainly  appear  metallic. 

Basalt.  (5) — The  massive  portions  of  this  rock  are  a  fine- 
grained edition  of  specimen  No.  104,  but  in  this  case  the  fabric  is 
such  that  it  can  be  described  better  as  intersertal  than  ophitic, 
and  the  presence  of  numerous  amygdules  likewise  point  to  basalt 
as  a  better  name  than  diabase.  In  addition  to  the  fine  grain  of 
the  rock,  deep  iron  staining,  resulting  from  magnetite  alteration, 
render  satisfactory  examination  difficult,  but  labradorite,  pyrox- 
ene and  magnetite  are  plainly  the  chief  constituents.  The  amyg- 
dules, of  well  rounded  outline  and  medium  size,  consist  in  some 
cases  wholly  of  calcite.  Others  contain  some  calcite  along  with 
serpentinoid  material.  In  other  ones,  especially  those  of  small 
size,  serpentine  or  a  similar  mineral  occupies  the  whole  amygdu- 
loidal  cavity,  and  in  a  few  there  are  turbid  aggregates  possibly 
zeolitic  material  intergrown  with  plagioclase  feldspar  ranging 
from  albite  to  oligoclase-albite  and  more  or  less  serpentine.  In 
these  latter  cases  the  boundaries  of  the  amygdules  are  commonly 
indefinite,  and  the  filling  may  have  been  deposited  during  a  late 
stage  of  the  crystallization  of  the  rock. 

There  Is  no  indication  of  sulphides  or  of  metallic  copper  in 
either  the  massive  rock  or  the  amygdules. 

Basalt-  (140) — In  this  specimen  feldspar  is  present  in  pre- 
dominant amount  in  laths  of  two  generations,  the  earlier  sparing 
in  number  and  of  moderately  small  size,  the  latter  very  abundant 
and  much  smaller.     All  of  the  feldspar  seems  less  basic  than  in 
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the  specimens  already  described,  and  ranges  from  oligoclase  to 
sodic  labradorite.  A  few  small  individuals  of  pyroxene  are  pre- 
sent. The  brownish  colour  of  the  rock  is  due  to  oxidation  of  part 
of  the  iron  to  limonite.  The  amygdaloidal  cavities  are  filled 
mainly  with  calcite,  but  quartz  is  rather  plentiful  in  some  and 
there  are  a  few  containing  good  crystalline  individuals  of  oligo- 
clase-albite  or  sodic  oligoclase,  showing  sharp  twinning  striations. 
Copper  and  sulphides  are  not  seen.  The  texture  of  the  rock 
is  typically  intersertal.  Magnetite  is  very  abundant  and  con- 
stitutes most  of  the  interstitial  material  between  the  feldspar  laths. 

Basalt.  (7) — This  rock  is  still  finer-grained  than  specimen 
No.  140  and  contains  many  more  amygdules,  though  these  are  of 
smaller  size.  The  feldspar  is  of  about  the  same  composition  as 
in  No.  140,  but  is  less  abundant  and  a  considerable  part  of  the 
rock  consists  of  glass,  so  that  the  texture  is  to  be  described  as 
hyalopilitic.  The  whole  groundmass  is  abundantly  peppered 
with  minute  grains  of  magnetite.  An  occasional  granule  of  py- 
roxene is  to  be  seen.  The  amygduloidal  ca\ities  are  filled  with 
various  combinations  of  the  following  minerals:  quartz,  sodic 
plagioclase,  chlorite,  serpentine,  epidote-,  and  possibly  some  zco- 
litic  material.  Incipient  oxidation  of  the  particles  of  magnetite 
has  caused  the  rock  to  be  stained  reddish. 

No  native  copper  nor  sulphides  are  present. 

Basalt.  (102) — The  groundmass  of  this  rock  is  rather  similar 
to  that  of  specimen  No.  7,  but  the  feldspar  laths  are  longer  and 
thinner.  The  proportion  of  magnetite  is  greater,  and  because  of 
its  abundance  it  cannot  be  determined  certainly  that  glass  is 
present.  Amygdules  are  plentiful  and  are  much  larger  than  in 
specimen  No.  7.  Instead  of  being  isolated  round  areas,  they  are 
more  typically  almond  shaped,  and  commonly  two  or  more  are 
connected  with  one  another  by  narrow  tongues.  The  am}-gdu- 
loidal  cavities  are  filled  mainly  with  a  turbid  mineral  of  low 
double  refraction  and  low  refractive  index,  usually  with  peculiar 
arrangement  of  partly  mosaic,  partly  interlocking  and  some- 
times slightly  radial  form.  In  some  grains  there  is  no  indication 
of  twinning,  and  the  general  appearance  and  properties  suggest 
orthoclase,  but  in  a  grain  or  two  there  is  polysynthetic  twinning, 
and   perhaps  some  of  the  material  is  albite.     This  possibly  is 
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strengthened  by  the  occurrence,  as  central  cores  in  many  of  these 
amygdules,  of  bright,  clear  material  with  two  or  three  twinning 
bands  which  possess  all  the  properties  of  albite,  and  in  a  few 
instances  the  transition  between  this  clear  interior  and  the  turbid 
outer  portion  is  gradual,  though  in  most  cases  there  is  a  fairly 
sharp  line  of  demarcation.  In  a  few  amygdules  the  central 
portion,  instead  of  being  albite,  has  a  serpentinoid  fibrous  interior. 
Native  copper  and  sulphides  seem  to  be  absent. 

Basalt.  (14oa) — The  main  portion  of  this  rock  is  most  simi- 
lar to  that  of  specimen  No.  7,  but  it  contains  more  phenocrysts  of 
feldspar.  The  amygdules  are  fewer  and  larger.  The  groundmass 
feldspars  appear  to  have  a  composition  centering  about  andesine. 
The  phenocrystic  feldspars  are  less  basic,  probably  of  about  the 
composition  of  oligoclase,  but  they  have  a  patchy  distinction 
which  suggests  microperthite,  or  crystallographic  intergrowth 
with  orthoclase.  This  appearance  may  be  due,  however,  to  a 
peculiar  arrangement  of  the  twinning  lamela?;  in  any  event,  the 
rock  is  probably  richer  in  alkalies  than  most  of  the  specimens 
described.  Magnetite  is  very  plentiful  and,  as  usual,  is  partly 
oxidized  and  hydrated,  forming  limonite.  The  decomposition 
of  the  feldspars  results  mainly  in  the  production  of  turbid  kaolin, 
but  in  places  the  phenocrysts  have  been  changed,  with  the  re- 
tention of  their  outline,  to  interlocking  granular  aggregates  of 
quartz,  which  is  clouded  with  many  inclusions.  Similar  inter- 
locking grains  of  quartz  form  narrow  borders  lining  the  amygdu- 
loidal  cavities,  but  the  main  interior  portion  consists  of  beautiful 
intergrown  rosettes  of  serpentine  and  chlorite. 

There  is  no  native  copper  or  sulphide  to  be  seen. 

Epidote,  {altered  Basalt  145b) — This  specimen  consists 
almost  wholly  of  granular  and  radial  individuals  of  epidote, 
which  have  developed  by  complete  alteration  of  a  basalt  whose 
texture  is  faintly  preserved  by  the  arrangement  of  magnetite, 
which  has  resisted  alteration  and  is  included  in  its  original  position 
within  the  epidote  grains.  There  are  a  few  patches,  consisting 
of  rather  coarsely  granular  quartz,  which  probably  represent 
original  amygdules,  and  in  these  are  some  small  masses  of  turbid, 
low  refractive  material,  similar  to  that  described  in  specimen  No. 
102,  and  probably  orthoclase. 
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Most  of  the  magnetite  is  converted  to  limonite,  and  any  sul- 
phides that  might  possibly  be  present  would  also  have  been  altered' 
to  this  material,  but  there  is  no  evidence  that  they  were  present, 
or  no  indication  of  native  copper. 

Basalt  Breccia.  (142) — This  rock  consists  of  fragments  of 
various  types  of  basalt  like  those  described  in  the  foregoing  pages. 
Cementing  these  together  and  also  filling  cavities  within  the  indi- 
vidual fragments  are  aggregates  of  striated  feldspar  that  corre- 
sponds in  composition  to  oligoclase.  It  is  present  mainly  in 
prismatic  forms  that  interfere  with  one  another,  but  with  a 
sort  of  radial  or  jackstraw  appearance.  Where  present  within 
individual  fragments  of  basalt,  these  masses  of  feldspar  might 
be  termed  am>gdules,  but  they  have  indefinite  boundaries  from 
the  surrounding  basalt  and  should  better  be  termed  marolitic 
fillings.  One  of  them  is  large  and  contains  coarse-grained  feld- 
spar. Most  of  them  are  small  and  fine-grained.  The  areas  of 
this  material  between  various  fragments  of  basalt  are  similar  in 
character,  but  the  shape  of  these  areas  is  more  sinuous  or  vein- 
like. Associated  with  some  of  this  material  arc  patches  of 
calcite,  and  a  few  rosettes  of  epidote  are  present,  both  within 
masses  of  this  feldspar  and  in  the  basalt  itself. 

In  addition  to  the  abundant  magnetite,  a  few  minute  specks 
of  native  copper  are  present,  and  a  somewhat  larger  fleck  of  native 
copper  occurs  wholly  surrounded,  in  the  plane  of  the  section,  by 
magnetite;  the  possibility  that  the  copper  crystallized  out  before 
the  magnetite  may  probably  be  excluded;  whether  this  repre- 
sents infiltration  of  copper  actually  into  a  magnetite  grain,  or 
simply  deposition  of  nati\e  copper  in  a  depression  of  the  magnetite 
which  has  been  cut  across  by  the  plane  of  the  section,  it  is  im- 
possible to  decide  positively,  but  the  latter  explanation  seems 
more  likely. 


SOME  EARLY  NOTES  ON  SURFACE  TENSION  ACTION 
IX   WET   CONCENTRATION.* 

By  H.  E.  T.  Haui.taix,  Toronto,  Ont. 
{Animal  Meeting,  Ottawa,  rgij) 

By  many,  the  main  loss  in  wet  concentration  of  ores 
is  considered  to  be  in  the  sUmes;  in  those  particles  the 
falling  rate  of  which  is  too  slow  to  permit  of  their  settling 
in  the  flow  of  ordinary  concentrating  tables.  It  is  certainly 
true  that  there  is  a  heavy  loss  in  this  class  of  material ; 
but  it  is  also  true  that  there  are  great  difficulties  in  the 
way  of  making  clean  concentrates  from  products  much 
coarser  than  slimes.  The  difficulties  of  concentration  increase 
as  the  material  gets  finer,  and  with  quite  an  appreciable 
percentage  of  the  mill  product  it  is  impossible  to  do  anything 
whatever  with  ordinary  gravity  methods.  All  ordinary  wet  con- 
centration methods  are  based  mainly  on  the  physical  character- 
istic of  specific  gravity.  In  fact  very  little  controversy  would  be 
aroused  by  the  statement  that  this  was  the  sole  governing  factor. 
With  the  finer  material,  however,  another  characteristic,  capillar- 
ity or  surface  tension  action,  plays  an  important  part.  This 
paper  attempts  to  deal  with  this  action  as  it  appears  in  both 
general  and  special  work,  and  the  writer  hopes  that  the  paper  will 
be  considered  as  suggestive  and  tentative  rather  than  dogmatic 
or  final.  For  a  proper  study  of  the  subtle  and  elusive  phenomena 
of  capillarity,  the  facilities  of  a  modern  physical  laboratory  are 
required.  Of  such  opportunities  the  writer  had  none,  and  his 
observations  are  based  solely  on  work  done  in  the  field. 

If  a  freshly  broken  smooth  cleavage  face  of  galena  be  dipped 
in  water,  it  will  still  be  dry  when  taken  out.  There  may  be 
one  or  two  small  drops  of  water  adhering  to  irregularities  of  the 
surface,  but  these   can   be   blown   or   shaken   oft".     If   a   quartz 
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crystal  with  equally  smooth  surface  be  dipped  into  water  it 
comes  out  wet  all  over,  not  in  globules  but  with  a  firmly  adhering 
even  film  of  water.  If  a  drop  of  water  be  placed  on  the  bright 
galena  surface  and  it  be  touched  with  a  splinter  of  quartz, 
most,  if  not  all  of  the  water,  will  leave  the  galena  and  go  to  the 
quartz.  The  quartz  is  u'ctablc\  the  galena  is  not.  This  is 
due  to  capillarity  or  surface  tension  action,  which  are  names 
given  to  a  cause  the  effects  of  which  we  can  isolate  but  not  explain. 
This  surface  tension  action  is  the  basis  of  all  oil  and  grease 
concentration  methods.  The  particle  of  quartz  in  water  is 
surrounded  by  a  firmly  adherent  wetting  film  of  water  which  can 
only  with  considerable  force  be  broken  through,  and  this  film  pre- 
vents the  quartz  from  coming  into  contact  with  the  oil  or  grease. 
With  the  galena,  however,  the  water  is  anxious,  as  it  were, 
to  get  away  from  the  surface  of  the  material,  and  as  it  is  the 
same  way  with  the  oil  surface  we  find  that  when  the  galena  par- 
ticle comes  near  the  oil  surface  the  water  slips  from  between, 
and  the  dry  surface  of  galena  comes  into  contact  with  the  dry 
surface  of  the  oil  and  sticks  there. 

If  we  arrange  the  minerals  in  a  scale  according  to  their 
degree  of  wctableness,  the  silicates  arid  oxides  will  be  at  one 
end  and  the  sulphides  at  the  other.  AH  minerals  with  a  metallic 
lustre  are  distinctly  non-wetable.  Zinc  blende,  though  a  sul- 
phide, has  not  a  metallic  lustre  and  acts  irregularly,  some  speci- 
mens being  nearly  as  non-wetable  as  galena  and  others  nearly 
as  wetable  as  quartz.  In  ordinary  wet  concentration  practice,  as 
the  particles  of  mineral  become  smaller  and  smaller  the  effect  of 
the  differences  in  specific  gravity  becomes  less  and  less,  and 
consequently  the  difticulties  of  concentration  become  greater 
and  greater.  With  material  that  will  just  pass  a  200  mesh  screen 
and  still  feels  gritty  to  the  touch,  fairly  good  work  can  still  be 
done  on  Wilfley  tables  and  Frue  vanners,  but  the  quantity 
that  can  be  handled  is  small  and  the  care  and  skill  required  great. 
With  material  much  finer  than  this,  both  forms  of  table  prac- 
tically fail  to  do  anything  whatever,  especially  if  any  coarser 
waste  material  is  present. 

The  tailings  from  an  ordinary  coarse  concentration  mill  will 
carry  anywhere  from  10  to  20%  of  material  that  will  pass  a  200 
mesh  screen.     With  mills  that  crush  all  their  i)r(xlucl  fine,  the 
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percentage  will  be  much  greater.  In  general  the  more  valuable 
minerals  are  more  friable  than  the  gangue,  so  that  despite  the 
efforts  of  graded  crushing  a  large  proportion  of  rich  mineral 
is  with  this  10  or  20%  of  fine  material.  The  losses  in  this  part 
of  the  tailings  may  easily  be  from  25  to  50%  of  the  total  losses 
in  the  mill,  and  it  is  a  wonderful  concentrating  property  in 
which  the  dividends  are  as  large  as  the  total  losses  in  the  mill. 
As  the  mass  of  the  mineral  particle  has  become  smaller  the  ratio 
of  surface  to  mass  has  become  greater,  and  as  the  effect  of  dififer- 
ences  of  specific  gravity  has  become  smaller  even  to  the  vanishing 
point,  the  effect  of  surface  tension  has  become  greater.  Thus 
with  a  comparatively  large  percentage  of  the  mill  product,  sur- 
face tension  action  plays  an  important  jmrt  and  deserxe^  more 
attention  than  has  hitherto  been  paid  to  it. 

The  patent  records  show  many  attempts  to  make  use  of 
oils,  greases  and  waxes,  both  alone  and  in  their  acid  and  alkaline 
combinations,  and  a  study  of  these  various  methods  would  be 
of  interest  and  value,  but  is  outside  the  scope  of  this  paper. 
The  writer  experimented  between  three  and  four  years  ago  with 
the  laboratory  form  of  the  Elmore  oil  process  and  found  results 
\cry  discouraging,  probably  not  from  any  fault  of  the  process 
but  from  lack  of  ability  or  knack  in  handling  it.  On  this  account 
he  was  led  to  seek  other  means  of  using  the  oil.  With  Mr.  H. 
I-loy  Stovel,  many  experiments  were  made  late  in  1901,  and  early 
in  1902,  which  led  to  the  idea  of  using  a  hard  grease  on  a  tra- 
velling belt.  This  finally  developed  into  a  machine  using  a  crude 
form  of  vaseline  on  a  belt  running  at  a  steep  angle  with  an  uphill 
travel  of  about  200  feet  a  minute.  Many  experiments  were  made 
with  this  form  of  machine,  and  this  paper  will  conclude  with 
a  description  of  it  and  its  work,  but  the  writer  would  first  draw 
attention  to  the  more  general  aspect  of  the  problem. 

If  a  shingle  be  smeared  with  vaseline  and  held  for  a  moment 
in  the  flow  of  tailings,  it  will  be  found  coated  with  fine  particles 
of  sulphides.  If  the  shingle  be  kept  in  the  flow  for  several 
minutes,  it  will  be  found  that  very  little  more  mineral  has  been 
caught  thanjin  the  first  half  minute,  but  if  the  grease  be  rubbed 
over  with  the  finger  tips  so  as  to  rub  in  the  mineral  and  expose 
a  fresh  surface  of  grease,  a  fresh  coating  of  mineral  can  be  again 
obtained.     If  this  be  repeated  a  dozen  or  more  times,  enough 


118      Notes  on  Surface  Tension  Action — Haultain. 

mineral  may  be  caught  for  assay.  To  prepare  the  sample  foe 
assay  the  grease  and  mineral  is  scraped  off  the  shingle  and  placed 
in  a  casserole,  and  gently  heated  till  the  mineral  has  all  settled. 
The  clear  vaseline  is  then  poured  off  and  the  remainder  treated 
with  gasoline,  allowed  to  settle  and  carefully  decanted.  It  will 
be  found  that  the  balance  now  consists  of  mineral,  some  vaseline 
and  some  moisture,  and  the  remainder  of  the  vaseline  cannot  be 
removed  until  this  moisture  is  removed.  It  will  be  found  advisable 
to  alternate  drying  of  the  sample  with  the  gasoline  treatment 
several  times.  After  a  few  attempts,  it  will  be  found  a  simple 
matter  to  remove  the  grease,  if  it  is  kept  in  mind  that  treatment 
with  gasoline  must  alternate  with  careful  dr\ing  to  drive  off  the 
moisture. 

This  exi)erimcnt  with  a  shingle,  or  preferably  with  a  smooth- 
ened  board,  the  writer  most  strongly  recommends  to  anybody 
connected  with  a  mill.  It  is  a  very  good  form  of  diagnosis  and 
will  surprise  anybody  trying  it  for  the  first  time.  The  board 
should  be  held  in  the  full  flow  of  the  stream,  and  to  get  a 
clean  product  it  is  advisable  to  rinse  tiie  board  with  clear 
water  immediately  on  remo\'ing  it  from  t-he  flow.  The  test  should 
be  made  not  only  with  the  slimes,  but  in  the  coarsest  tailings 
from  the  tables,  and  also  in  the  fine  jig  tailings.  If  many 
different  minerals  are  present,  and  esj^ecially  if  much  zinc  is 
present,  different  grades  of  concentrates  can  be  caught  according 
as  the  flow  is  very  strong  or  comparatively  gentle  o^•er  the  board. 
This  effect  is  also  obtainable  by  varying  the  hardness  of  the 
grease  by  softening  it  with  oil  or  hardening  it  with  a  little  paraffin 
wax. 

The  first  attempts  made  by  the  writer  along  these  lines 
were  with  thin  light  oils,  and  were  a  failure.  Mr.  Stovel  then 
tried  heavy  cylinder  oil  with  excellent  results,  and  some  time 
later  vaseline  was  used.  It  was  with  very  great  glee  that  the 
next  rational  step  was  recognized.  If  cylinder  oil  was  better 
than  light  oil,  and  vaseline  better  than  cylinder  oil,  why  should 
not  parafin  wax  be  better  still,  and,  glorious  idea!  the  concen- 
trates would  only  need  to  be  washed  off  with  a  spray.  But  prac- 
tice did  not  agree  with  this  too  hasty  theory.  It  was  found  that 
no  matter  how  gently  the  pulp  was  flowed  over  the  board  no 
concentrates  could   be   persuaded   to   remain.     As   the   last  of 
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the  water  flowed  off  the  wax  surface,  it  gathered  up  the  concen- 
trates and  took  them  with  it  lea\ing  a  clean  dry  surface  of  wax. 
Subsequently  some  desultory  experiments  were  made  along  the 
same  lines.  It  was  recognized  that  either  the  concentrates  or 
the  water  must  be  anchored  to  the  wax.  Small  quantities 
of  vaseline  added  to  the  wax  by  melting  them  together  gave 
sufficient  stickiness  to  keep  the  concentrates  adhering  while  the 
water  flowed  off".  A  stiff  spra\"  would  then  remove  the  concen- 
trates. 

By  sprinkling  fine  dry  sand  over  the  dry  wax  and  rubbing 
it  till  it  adhered,  a  number  of  wetable  points  were  obtained  which 
served  to  anchor,  as  it  were,  a  film  of  water  which  remained  after 
the  bulk  had  passed  ofl.  This  sc^rved  to  hold  the  concentrates. 
Experiments  were  made  with  various  fabrics,  and  the  most  prom- 
ising results  were  obtained  by  dipping  a  fine  wool  cloth  in  gas- 
oline in  which  had  been  dissolved  a  small  (iuantit\-  of  parafin 
wax.  The  cloth  was  then  wrung  out  and  allowed  to  dry.  P3\er\- 
fibre  of  wool  was  thus  coated  with  a  microscopic  film  of  wax 
and  was  unwetable,  but  b\'  sopping  the  cloth  in  water  the  meshes 
of  the  cloth  took  up  and  held  water  so  that  the  cloth  as  a  whole 
appeared  wet.  This  caught  and  retained  a  clean  suli)hide 
product  under  a  heavy  flow. 

Mr.  W'llfley,  in  his  early  slimers,  used  for  his  surface,  canvas 
dipped  in  P.  &  B.  paint.  This  gave  the  unwetable  surface 
of  P.  &-  B.  (asphaltum?)  with  the  points  of  cotton  fibre  to  anchor 
the  water  film.  He  subsequently  adopted  the  linoleum,  as  on 
his  standard  machine.  This  linoleum  is  composed  of  a  mixture 
of  wetable  and  unwetable  material,  and  will  hold  a  film  of  water 
though  much  of  the  surface  is  with  difficulty  wetted.  In  the 
writer's  opinion,  the  efficiency  of  this  slimer  is  due  very  largely 
to  surface  tension  action,  though  Mr.  W'ilfley's  genius  shows 
in  another  direction  as  well.  Before  examining  into  surface 
tension  action  in  these  machines,  let  us  attempt  to  analyze 
and  generalize  the  action  of  table  concentrators.  The  action 
consists  of  three  parts: 

(1).  The  separation  of  concentrates  and  waste  on  the  bed  of 
the  table. 

(2).  The  removal  and  recovery  of  the  concentrates  in  one 
direction. 
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(3).     The  removal  of  the  waste  in  another  direction. 

On  the  Wilfley  table  (the  standard  machine,  not  the  slimer) 
the  action  of  gravity  serves  to  separate  the  concentrates  and  the 
waste  in  layers  on  the  bed  of  the  table.  The  head  motion 
"progresses"  the  concentrates  in  one  direction,  and  the  flow 
washes  the  waste  in  another. 

The  falling  rate  of  much  of  the  finer  concentrates  is  too  slow 
to  permit  of  its  settling  in  the  moving  water.  Surface  tension 
action  will  cause  some  of  the  fine  sulphide  particles  to  adhere  to 
the  linoleum  and  to  the  larger  particles  of  sulphide,  but  the  con- 
stant "progression"  motion  disturbs  them.  With  the  slimer, 
however,  the  head  motion  is  gentler  and  the  surface  tension 
action  has  a  fair  show  to  bring  the  fine  sulphide  particles  into 
contact  with  the  linoleum,  and  to  keep  them  there  till  they  are 
carried  by  the  movement  of  the  surface  out  of  the  action  of  the 
flow. 

In  tiie  slimer  as  first  put  on  the  market,  the  action  of  the 
head  motion  is  to  "progress"  the  tailings  off  the  lower  edge. 
(The  use  of  the  word  "progress"  is  Mr.  Wilfley 's  own,  and  exactly 
suits  the  conditions.)  This  is  theoretica.lly  sound,  and  it  follows 
a  very  sound  law  in  concentration  that  machines  in  series  on 
the  same  pulp  should  be  as  nearly  diametrically  opposite  in  their 
action  as  possible. 

In  the  Wilfley  table  the  head  motion  scr\cd  two  purjxjses: 

(1).  To  agitate  the  pulp. 

(2).  To  progress  the  concentrates  ofi^  the  lal)le. 

In  the  slimer  the  head  motion  served : 

(1).  To  agitate  the  pulp. 

(2).  To  progress  the  tailings  off  the  table. 

In  the  Wilfley  the  "progression"  was  at  right  angles  to  the 
flow;  with  the  slimer  it  was  with  the  flow. 

With  the  slimer  the  head  motion  is  milder,  and  is  not  suffi- 
cient to  disturb  the  slime  concentrates  which  surface  tension 
action  is  holding  to  the  linoleum  surface,  and  the  combined  action 
of  head  motion  and  flow  washes  the  waste  qver  the  lower  edge. 

But  in  the  slimer  as  now  put  on  the  market,  the  head  motion 
tends  to  "progress"  everything  uphill  and  the  flow  of  the  water 
is  the  only  thing  that  washes  away  the  waste.     A  no  small  part 
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of  Mr.  Wilfley's  genius  lies  in  his  ability  to  design  a  fool-proof 
machine,  and  the  writer  interprets  this  change  as  a  mo\'e  in  the 
direction  of  foolproofness. 

If  the  Wilfley  table  is  not  being  run  to  perfection,  particles 
of  rich  middlings  or  even  particles  of  clean  concentrates  larger 
than  slimes  will  pass  over  in  the  tailings.  It  is  to  take  care  of 
these,  probably,  that  the  head  motion  has  been  changed.  The 
uphill  progression  tends  to  keep  these  on  the  table  while  the 
flow  is  depended  on  to  remove  the  waste.  But  the  bulk  of  the 
concentrates  that  is  caught  is  fine  slimes,  which  are  held 
by  surface  tension  action  and  upon  which  the  head  motion  has 
practically  no  effect,  and  the  writer  maintains  that  the  slimer  is 
primarily  a  surface  tension  action  machine. 

On  the  Frue  vanner  a  wetable  surface  (rubber)  is  used, 
and  consequently  it  depends  almost  entirely  on  the  character- 
istics of  specific  gravity  for  its  action.  The  only  chance  that 
surface  tension  has  to  play  any  part  is  in  the  action  between 
the  coarse  and  fine  particles.  A  bed  of  coarse  particles 
forms  on  the  belt,  and  by  surface  tension  action  the  fine 
slimes  are  attracted  to  and  held  by  these  coarser  particles. 
It  has  long  been  a  disputed  point  as  to  whether  the  Frue 
does  its  best  work  with  classified  or  unclassified  materia. 
A  full  discussion  of  this  point  admits  of  much  argument,  but  the 
writer  submits  that  surface  tension  action  plays  an  important 
part  hitherto  overlooked.  Tentative  experiments  made  by  the 
writer  tend  to  show  that  not  only  the  efficiency  but  the  capacity 
of  the  Frue  when  treating  fine  materials  may  be  increased  by 
providing  it  with  a  surface  of  both  wetable  and  non-wetable 
material  like  linoleum.  The  old  form  of  round-table  was  made 
with  a  surface  of  pine,  a  most  wetable  material.  Linoleum  is 
now  being  used  for  this  surface,  and  is  found  a  decided  iifiprove- 
ment. 

The  canvas-table  still  lives,  noticeably  in  the  San  Juan,  and 
as  canvas  is  a  most  wetable  material  it  apparently  tends  to  upset 
surface  tension  theories.  Many  millmen  sneer  at  the  canvas- 
table  as  a  survival  of  the  time  when  Frues  and  Wilfleys  did  not 
exist.  But  it  has  its  function,  and  still  exists  on  an  elaborate 
scale  making  good  money  where  the  conditions  are  favourable. 
The  canvas  is  used  to  treat  the  fine  tailings  after  they  have 


122      Notes  ox  Surface  Tension  Action — Haultain. 

passed  Wilfleys  and  Frues.  In  a  well  managed  plant,  the  feed 
is  very  carefully  prepared  to  prevent  any  coarse  particles  of  waste 
getting  on  the  canvas,  and  the  flow  is  kept  thin  and  uniform. 
The  pulp  is  allowed  to  flow  over  the  canvas  in  gentle  waves  for 
an  hour  or  so,  when  it  is  shut  off  and  clear  water  takes  its  place 
for  a  few  minutes.  The  concentrates  then  remaining  on  the  table 
are  washed  down  with  a  heavy  spray  or  jet  from  a  hose. 

The  pulp  going  to  a  canvas  table  consists  of  tailings  that 
have  been  carefully  treated  on  Frues  and  \\'ilfle>s,  and  it  is  safe 
to  assume  that  practically  all  the  sulphide  particles  that  would 
settle  on  those  tables  had  been  removed.  To  account  for  the 
concentration  taking  place  on  the  canvas  would  seriously  strain 
any  explanation  based  solely  on  specific  gravity  or  different  falling 
rate  or  sizing  after  sorting.  No  doubt  all  of  these  play  some  small 
part,  but  in  the  writer's  opinion  the  main  action  is  surface  ten- 
sion action. 

If  instead  of  can\as  we  take  a  sheet  of  clear  smooth  glass 
and  flow  over  it  clean  water,  we  shall  have  firmly  adhering  to 
the  glass  a  thin  film  of  water,  practically  stationary.  Next 
to  this  film  the  water  will  be  moving  slowly,  and  the  further 
•away  from  the  glass  the  more  rapid  will  the  flow  be.  If  now 
two  very  small  and  equal  sized  for  equal  sorted)  particles  of 
galena  and  quartz  be  placed  in  this  flow,  neither  of  them  will 
touch  the  glass  on  account  of  the  wetting  film  adhering  to  the 
glass,  but  the  galena  having  no  wetting  film  will  come  nearer 
to  the  glass  than  the  quart-c.  The  wetting  film  surrounding 
the  quartz  will  make  it  ride  higher  and  smoother,  and  consequent- 
ly travel  faster  than  the  galena.  If  now  we  replace  the  glass  by 
canvas,  we  have  as  before  the  practically  stationary  wetting  fMm 
adhering  to  all  the  fibres  of  the  canvas,  but  instead  of  the  smooth 
surface  we  ha^•e  a  most  irregular  surface  full  of  small  dej^rcssions 
and  covered  with  upstanding  fibres  of  cotton,  all  of  which  tend 
to  anchor  a  comparatively  thick  film  of  water.  This  thick  film 
of  water  though  having  but  very  slow  general  motion  down 
hill  is  filled  with  small  gentle  eddies  in  the  hollows,  and  behind 
the  upstanding  fibres  and  these  eddies  are  constantly  being  gently 
agitated  by  the  action  of  the  waves  that  flow  down  the  surface. 
It  is  in  these  eddies  that  the  concentration  takes  place. 
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Particles  of  all  kinds  swing  into  these  eddies;  this  is  the  first 
step;  concentration  is  a  subsequent  and  comparativ^ely  slow 
process.  As  the  particles  roll  about  in  the  eddy,  the  sulphide 
particles  with  no  cushion  of  wetting  film  will  tend  to  come  to- 
gether, and  will  gradually  agglomerate,  and  the  particles  of  sili- 
cates with  their  protecting  cushion  will  hold  aloof.  The  larger 
agg^lomeration  will  have  a  greater  tendency  to  remain  in  the  eddy 
than  the  isolated  loosely  floating  particles  of  silica,  and  thus  we 
get  the  concentration.  Practice  shows  that  the  longer  the  table 
is  run  between  washings  the  cleaner  will  be  the  concentrates. 
Practice  and  this  theory  both  agree  that  time  is  a  very  import- 
ant element  in  canvas  table  work,  and  thus  it  is  that  all  attempts 
at  automatic  canvas  of  the  belt  type  have  been  failures. 

If  there  is  anything  in  these  theories,  and  the  writer's  ex- 
perience certainly  supports  the  theories,  the  main  feature  of 
any  machine  to  treat  tailings  from  a  Wilfley  or  a  Frue  should 
be  in  the  surface  tension  action.  There  is  room  for  much  nice 
and  profitable  laboratory  work,  and  the  subject  is  commended 
t(^  students  for  a  post-graduate  thesis. 

But  all  slime  machines  not  using  oil  or  grease  are  only  approx- 
imations. Their  results  are  affected  by  the  action  of  gravity, 
and  either  the  concentrates  are  lowered  in  value  by  the  presence 
of  coarse  waste,  or  much  fine  sulphide  material  is  lost  in  washing 
it  away.  i\nd  with  one  very  important  class  of  material  they  do 
very  poor  work,  that  isw'ith  flakes  and  splinters,  particles  that  arc 
not  slimes  but  in  which  the  ratio  of  surface  to  mass  is  still  very  large. 
A  proper  appreciation  of  surface  tension  action  will  doubtless  help 
considerably  in  the  design  and  operation  of  ordinary  plain  water 
machines,  but  it  is  only  with  oil  or  grease  machines  that  we  can 
be  entirely  free  from  the  action  of  gravity  and  get  the  grades  of 
concentrates  and  tailings  that  surface  tension  action  permits. 

To  come  back  to  the  greased  board ;  let  us  use  it  to  analyze 
the  losses  in  a  Wilfley  table,  in  a  Wilfley  instead  of  a  Frue, 
not  because  the  losses  are  less  in  the  Frue  but  because  the 
Wilfley  classifies  its  losses  so  perfectly.  (The  Wilfley  is  a  won- 
ful  classifier,  and  some  day  some  reckless  pioneer  will  use  a  modi- 
fied form  to  classify  the  feed  for  his  fine  jigs  and,  catching  more 
concentrates  on  his  classifier  than  his  jigs,  will  relegate  his  fine 
jigs  to  the  position  of  a  tailings  machine.) 
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In  the  general  theoretical  analysis  of  concentration  methods, 
all  crushed  particles  are  considered  to  be  in  the  form  of  cubes 
or  thereabouts.  In  practice  the  bulk  of  the  crushed  ore  is  in 
any  form  but  that  of  cubes,  galena  being  the  main  exception. 
Many  sulphides,  and  more  especially  chalcopyrite,  have  a  great 
tendency  to  break  into  splinters  and  flakes  in  which  the  ratio 
of  surface  to  mass  is  large.  Very  often  a  classification  according 
to  shape,  if  not  a  cure,  might  at  least  be  a  valuable  means  of 
diagnosis,  and  it  is  in  this  direction  that  an  analysis  of  the  Wilflcy 
tailings  will  help.  If  we  examine  the  pulp  from  the  long  tailings 
edge,  we  find  in  the  middlings  next  to  the  concentrates  fairly 
compact  cube  shaped  waste  accompanying  flaky  or  irregularly 
shaped  concentrates.  Also  we  find  concentrates  and  mixed 
particles  or  true  middlings  that  need  further  crushing  to  liberate 
the  sulphide  from  the  waste.  But  a  large  part  of  the  values 
of  these  middlings  lie  in  the  irregularly  shaped  but  high  grade 
particles.  The  greased  board  will  show  up  from  these  middlings 
a  wonderful  catch,  apparently  coarse  concentrates. 

As  we  recede  from  the  concentrate  edge,  the  sulphide  par- 
ticles become  more  flaky  and  smaller  and  fewer  in  number,  and 
the  waste  particles  apparently  larger,  but  larger  in  surface  rather 
than  in  mass.  As  we  recede  still  further,  we  shall  find  an  area 
with  almost  no  free  sulphide  particles  with  nothing  but  coarse 
waste.  F"rom  this  there  is  a  sudden  transition  to  slime  water, 
with  no  coarse  material  whatever.  Everything  that  would  settle 
in  the  flow  has  been  "progressed",  and  nothing  remains  but 
suspended  slime.  From  this  the  greased  board  will  catch  high 
grade  concentrates  very  freely,  but  on  account  of  the  extreme 
fineness  it  will  be  comparatively  slow  work. 

An  analysis  of  middlings  and  tailings  from  the  fine  jigs 
will  show  the  middlings  to  contain  much  clean  sulphide  particles 
present  in  the  re-crushing  product,  on  account  of  their  shape. 
And  the  same  will  be  found  in  the  tailings.  These  irregularly 
shaped  particles  with  their  large  ratio  of  surface  to  mass  are 
particularly  suited  to  oil  or  grease  concentration.  It  is  safe  to 
say  that  anybody  using  the  greased  board  for  the  first  time 
will  be  astonished  at  the  coarseness  of  the  particles  being  lost 
in  the  tailings. 
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In  dealing  witli  the  surface  tension  action  of  oils  and  greases, 
the  writer  will  confine  himself  to  an  account  of  the  method  devised 
by  Mr.  Stovel  and  himself,  concerning  which  nothing  has  hitherto 
been  published. 

The  apparatus  consists  of  the  greased  belt  machine,  a  hot 
water  tank  and  a  centrifugal  separator.  The  greased  belt  machine 
consists  of  a  frame  and  rollers  supporting  an  endless  belt  which 
may  be  of  any  width,  but  the  wider  the  better,  and  preferably 
about  15  feet  long  between  end  rollers.  The  belt  is  placed  at 
a  steep  angle,  from  30  degrees  to  GO  degrees  for  coarse  material, 
and  from  10  degrees  to  30  degrees  for  slimes.  The  travel  of 
the  belt  is  uphill  at  about  200  feet  per  minute,  and  the  pulp 
is  fed  on  at  the  top  and  fiows  down  and  ofT  at  the  lower  end. 
On  the  underside  of  the  machine  the  belt  first  passes  over  a  revolv- 
ing polished  metal  roller  to  which  adheres  grease  and  concentrates 
from  the  belt.  Acting  on  the  roller  is  a  scraper  made  of  thin 
spring  brass,  which  scrapes  the  grease  and  concentrates  from  the 
roller.  After  the  belt  passes  this  metal  roller,  it  passes  over  a 
wooden  roller  which  dips  into  a  tank  of  hot  grease  and  feeds 
this  grease  in  a  thin  layer  on  to  the  belt.  The  belt  when  it 
passes  this  roller  has  a  thin  smooth  layer  of  grease  evenly  distri- 
buted over  its  surface.  The  speed  of  this  feed  roller  can  be  reg- 
ulated, and  in  this  wa\-  the  amount  of  grease  on  the  belt  ad- 
justed. 

The  grease  and  concentrates  that  are  scraped  off  the  metal 
roller  fall  into  a  tank  of  hot  water,  where  the  grease  melts  and 
rises  to  the  surface  practically  free  from  concentrates  and  ready 
to  go  back  on  the  belt.  The  concentrates  sink  to  the  bottom 
of  the  tank,  together  with  some  of  the  grease  adhering.  This 
mixture  of  grease  and  concentrates  is  removed  as  a  thick  paste 
from  the  bottom  of  the  tank  by  a  spiral  conveyor,  and  is  treated 
in  the  centrifugal  separator  to  free  it  as  far  as  possible  from  the 
grease.  This  separator  is  built  on  the  same  principle  as  the 
ordinary  clothes  dryer  used  in  laundries.  It  is  used  with  canvas 
and  filter  paper.  A  steam  jet  pump  supplies  hot  water,  which 
is  returned  by  the  jet  to  the  separator  as  fast  as  it  runs  through. 
In  this  way,  the  amount  of  grease  remaining  in  the  concentrates 
is  reduced  to  from  3  to  Q%  of  the  weight  of  concentrates. 
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The  grease  used  is  a  crude  form  of  vaseline  known  as  No.  4 
Hard  Oil  by  the  Standard  Oil  Co.,  and  costs  about  three  cents 
a  pound.  It  has  a  melting  point  at  about  110  degrees  F.,  and  is 
fairly  hard  at  the  temperature  of  ordinary  milling  waters.  Its 
hardness  may  be  increased  by  the  addition  of  a  small  quantity 
of  parafifin  wax.  The  machine  in  its  present  form  is  extremely 
simple,  and  is  the  result  of  many  experiments  to  determine 
the  most  satisfactory  arrangement.  The  belt  is  at  all  times 
protected  by  the  layer  of  grease.  There  is  practically  no  wear  on 
the  metal  roller,  and  the  slight  wear  on  the  brass  scraper  is  easily 
renewed . 

A  suitable  material  for  the  belt  was  not  easy  to  find  The 
first  efforts  were  made  with  canvas  treated  with  a  mixture  of 
linseed,  oil  and  resin.  This  worked  well  at  first,  but  soon  the 
canvas  got  wet  despite  the  resin  and  oil  and  protective  layer  of 
grease.  This  sounds  impossible,  but  is  a  fact.  Rubber  could 
not  be  used  on  account  of  the  injurious  effect  on  it  of  the  grease. 
For  the  small  experimental  machines,  both  leather  and  canvas 
belts  were  used,  and  were  alright  for  short  runs,  but  would  not 
do  for  continuous  work.  The  Main  Belting  Co.  supplied  a 
belt  of  the  leviathan  type,  with  the  top  ph'  of  wool  felt  instead 
of  cotton. 

If  it  had  not  been  for  the  unevenness  caused  by  the  cotton 
stitching,  this  would  have  worked  perfectly.  In  connection 
with  this,  it  is  interesting  to  note  the  results  of  a  simple  experi- 
ment. If  some  oil  be  floated  on  water  and  stirred  with  a  rag  of 
wet  cotton,  the  cotton  will  remain  wet  and  the  oil  will  not  adhere 
to  it,  but  if  a  rag  of  wool  be  used  that  has  been  soaked  and 
squeezed  in  water  the  oil  will  rapidly  leave  the  water  and  adhere 
to  the  wool.  Finally  a  cement  was  found  that  would  withstand 
the  action  of  both  water  and  grease,  and  thus  solves  the  prob- 
lem of  the  belt.  This  cement  is  apparently  a  solution  of  celluloid 
and  can  be  used  as  a  varnish  either  for  plain  cotton  or  for  a 
rubber  belt. 

The  belt  is  flat  without  standing  up  edges.  The  edges  run 
on  revolving  discs,  which  raise  the  edges  slightly  above  the  rest 
of  the  belt,  and  this  is  sufificient  to  keep  the  flow  in  its  place. 

The  steep  angle  of  the  belt  is  the  cause  of  much  adverse 
comment  from  every  class  of  onlooker.     The  earl}'  experiments 
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were  made  with  a  nearly  flat  belt,  and  it  was  only  after  very 
much  testing  that  the  steeper  angles  were  tried  and  adopted. 
The  reason  of  it  is  thusly.  The  machine  treats  a  more  or  less 
unclassified  product,  in  which  the  only  concentrates  are  light  par- 
ticles. If  the  belt  is  flat  the  coarse  waste  material  will  settle  on 
the  belt,  it  will  not  adhere  to  the  grease,  but  will  form  a  slow 
moving  layer  preventing  the  finer  light  concentrates  from  coming 
into  contact  with  the  grease.  With  the  steep  belt  the  agitation 
of  the  flow  is  so  thorough  that  all  particles  have  a  chance  to  come 
into  contact  with  the  grease.  It  must  be  remembered  that  the 
upward  travel  of  the  belt  to  a  certain  extent  counteracts  the  steep- 
ness, and  the  downward  travel  of  the  pulp  is  much  slower  than 
on  a  stationary  belt  at  the  same  angle.  In  the  early  stages 
of  the  experiments,  it  was  recognized  that  a  more  thorough  roll- 
ing of  the  pulp  could  be  obtained  by  feeding  it  on  the  belt  at 
the  lower  end  and  running  the  belt  fast  enough  to  carry  it  up 
and  throw  it  off^  at  the  upper  end.  Experiments  were  made  with 
this  method  with  belt  speeds  up  to  1,500  feet  a  minute,  and  appar- 
ently the  increased  speed  was  in  no  way  a  disadvantage  as  far 
as  the  catching  of  concentrates  was  concerned,  but  at  the  higher 
speeds  ditificulties  arose.  The  grease  failed  to  adhere  properly 
to  the  polished  scraping  roller,  and  consequently  it  was  possible 
to  run  the  belt  at  these  high  speeds  for  short  periods  only. 
The  use  of  two  scraping  rollers,  one  or  both  being  heated,  gives 
promise  of  overcoming  this  difliculty,  and  of  giving  a  machine 
of  phenomenal  capacity.  A  belt  one  foot  wide  and  running  700 
feet  a  minute  would  handle  all  the  tailings  from  several  Frue 
vanners,  and  make  a  good  extraction.  But  the  high  speed 
belt  was  considered  too  ambitious  for  the  start,  and  efforts  were 
confined  to  the  medium  speed  machine,  which  olTered  no  dif^cul- 
ties  up  to  about  225  per  minute. 

The  first  experiments  on  mill  tailings  with  a  hard  grease 
on  a  belt  were  made  in  the  summer  of  1902  at  a  mill  in  British 
Columbia,  which  treated  an  ore  carrying  rich  silver  minerals 
and  high  grade  tetrahedrite,  all  of  which  were  very  friable 
and  easily  formed  slimes.  The  first  experiments  were  made 
with  the  surface  of  the  grease  left  rough  as  it  came  from  a  roll 
which  had  a  periphery  speed  equal  to  the  speed  of  the  belt. 
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This  rough  surface  is  ideal  for  concentrating,  but  calls  for 
complications  in  design  to  prevent  loss  of  fine  particles  of  grease' 
which  are  detached  from  the  points  by  the  flow  of  pulp.  To 
keep  the  machine  as  simple  as  possible  the  feeding  roller  is  now 
run  at  a  slow  speed  with  the  result  that  the  grease  surface  is 
perfectly  smooth. 

With  the  rough  surface  and  a  belt  nine  inches  wide  and  twelve 
feet  long,  all  the  slime  tailings  from  two  Wilflcys  were  treated . 

The  pulp  was  fed  on  at  the  lower  end  of  the  belt  and  being 
carried  up  to  the  belt  was  discharged  at  the  top.  The  speed 
was  regulated  to  that  point  just  necessary  to  do  this. 

A  series  of  five  tests  gave  these  results: — 


Angle  of  Belt 

Speed  of  Belt 

Assay  of  Concent. 

Percent.    Efficiency 

Degrees 

in  Feet  per  Min. 

Silver  Oz. 

of  Extraction 

n 

135 

189.8 

19 

•) 

190 

206.3 

24 

14 

200 

284.8 

26.5 

10 

215 

379 , 0 

22.4 

24 

230 

438.7 

32.4 

The  coarse  tailings  from  one  Wilfley,  treated  under  the  same 
conditions  as  the  last  test,  gave  an  efficiency  of  4')%  with  a  con- 
centrate assaying  202  oz.  silver. 

*The  tests  lasted  in  each  case  15  minutes,  and  the  feed 
and  tails  were  continuously  sampled  through  samplers  that 
took  out  continuously  by  means  of  sets  of  riffle  troughs  one-six- 
teenth of  the  total  flow.  The  efficiency  was  calculated  from 
the  formulae: — - 


e  = 


fr 


.X  100 


r  = 


f- t 


*Thesc  remarkable  results  were  obtained  from  an  exceptional  ore  in 
which  was  present  much  high  grade  silver-antimony  sulphides.  .Stovel 
and  the  writer  obtained  a  lease  on  these  tailings  but  on  account  of  more  than 
one  adverse  circumstance  the  property  closed  down  very  soon  after  the  start- 
ing up  of  the  grease  plant. 
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L     t 
Where  e  =  percentage  efficiency 

c  =  assay  of  concentrates 

f  =         "        feed 

t  =         "        tails 

The  sample  was  allowed  to  settle  18  hours  before  the  l)ulk 
of  the  water  was  syphoned  off,  and  the  balance  evaporated. 

A  smooth  surface  would  recjuire  considerably  higher  speeds 
to  carry  the  same  amount  of  pulp. 

Many  other  tests  were  made  with  this  machine  with  speeds 
up  to  GIO  feet  per  minute,  and  it  was  found  that  the  higher  speeds 
took  care  of  more  material  but  did  not  increase  the  efficiency. 
It  should  be  noted  that  these  results  were  obtained  with  one 
trip  over  the  machine.  In  practice  probably  two  or  even  three 
machines  would  be  used  in  series. 

A  machine  with  a  belt  7  feet  wide  and  15  feet  long  placed  at 
an  angle  of  45  degrees  was  then  constructed  to  take  care  of  the 
tailings  from  four  Wilfleys.  It  was  run  at  a  slow  speed,  about 
80  feet  per  minute,  and  the  rough  surface  was  used.  It  was  run 
for  several  days,  taking  all  the  tailings  from  four  Wilfleys  and 
gave  an  efficiency  of  35  to  39  per  cent.,  with  concentrates  of 
higher  grade  than  the  average  of  the  mill.  For  a  short  time 
the  pulp  was  allowed  to  flow  over  only  one  half  the  width  of  the 
belt  (a  little  over  three  feet  of  grease  surface)  and  then  elevated 
and  returned  to  the  other  half.  Under  these  conditions,  the 
coarse  tailings  from  three  Wilfleys  gave  an  efficiency  of  80%, 
and  the  slime  tailings  from  four  Wilfleys  gave  61%. 

The  mill  closed  down  shortly  after  the  large  belt  machine 
was  constructed.  During  the  short  time  of  its  operation,  some- 
thing over  one  ton  of  concentrates  was  produced. 

Subsequently  an  experimental  machine  with  a  narrow 
belt  was  used  to  test  many  different  types  of  ore  under  varying 
conditions  of  surface,  angle,  speed  and  flow.  It  was  found 
that  minerals  could  be  roughly  classified  according  to  their 
"affinity"   for  grease  in  the  following  order: — 

(a)   Chalcopyrite. 

The  grey  copper  minerals  (Tetrahedrite). 

Iron  Pyrites. 

Molybdenite. 
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(b)  Other  copper  sulphide  minerals. 
Galena. 

Some  Zinc  Blende. 

(c)  Pyrrhotite. 

Some  Zinc  Blende. 

(d)  The  various  spars. 
Some  Zinc  Blende. 

(e)  Oxides  and   silicates. 

It  was  found  that  by  increasing  the  hardness  of  the  grease, 
or  by  increasing  the  angle  and  flow  that  a  separation  more  or 
less  incomplete  could  be  effected  between  minerals  of  different 
groups.  A  high  grade  chalc()p\rite  concentrate  could  be  made 
in  the  presence  of  pyrrhotite,  and  galena  could  l)e  separated 
from   much  zinc  blende. 

Nothing  further  was  done  with  the  process  till  the  summer 
of  1904,  when  it  was  tested  on  a  working  scale  on  the  tailings 
from  the  Mammoth  mill  of  the  Federal  Mining  and  Smelting 
Co.,  in  the  Coeur  d'Alenes.  in  Idaho. 

The  Mammoth  mill,  now  known  as  Mace  mill  No.  1,  and  the 
Standard  mill  (Mace  mill  No.  2)  are  two  large  mills  side  b>' 
side  near  the  town  of  Wallace.  They  treat  the  ore  from  the  Mace 
mine  by  graded  crushing.  The  coarsest  trommel-screen  is  20 
mm.  At  the  time  of  the  experiments,  the  Mammoth  mill 
produced  about  80  tons  per  day  of  22  hours  of  Frue  and  Wilfley 
tailings,  and  the  Standard  about  110  tons.  The  mill  feed 
consisted  of  quartz  and  quartzite,  spathic  iron  (sideritc),  galena, 
iron  pyrites,  and  a  trace  of  chalcopyrite  and  tetrahedrite.  The 
ore  carried  about  one  ounce  of  silver  to  one  per  cent,  of  lead. 

The  following  is  pub!ish('<l  by  permission  from  tlie  writer's 
notes  at    the   time: — 

The  grease  used  is  petrolatum  (\aseline)  and  would  cost 
laid  down  in  Wallace  about  4.5  cents  per  pound.  The  plant 
is  designed  for  experimental  purposes  and  differs  from  a  commer- 
cial plant  only  in  the  following  points:  '  1st. — The  belt  is  4  ft. 
wide;  a  commercial  machine  would  be  8  or  10  feet  wide.  2nd. — 
The  design  of  the  machine  is  somewhat  mf)re  elaborate  as  it  is 
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designed  to  be  run  at  any  angle.  In  commercial  practice  the 
machine  would  be  fixed  to  run  at  some  predetermined  angle. 
3rd — The  grease  and  concentrates  in  this  machine  fall  on  to 
steam  pipes,  melt  and  flow  in  a  launder  to  the  grease  settling 
tank.  In  commercial  practice  a  small  belt  conveyor  would 
run  under  all  the  machines  and  convey  the  grease  and  concen- 
trates to  a  central  settling  tank.  4th — The  centrifugal  separator 
is  very  small  and  treats  only  about  15  lbs.  of  concentrates 
at  a  charge.  A  commercial  machine  would  treat  from  100  to 
500  lbs.  or  more  at  a  charge,  and  do  much  better  work. 

At  my  request  a  disinterested  man,  was  put  in  charge 
to  keep  accurate  records  of  time,  grease,  etc.  The  concentrator 
was  run  from  6  to  8  hours  per  day  on  ten  successive  days  making 
the  total  time  test  72  hours.  The  ore  treated  was  the  tailings 
from  the  lower  Wilfley  and  Vanner  floor  of  the  Mammoth  (Mace 
No.  1)  Mill.  The  tailings  from  the  first  Wilfley  and  Vanner 
floor  and  re-treated  on  the  lower  or  second  Wilfley  and  Vanner 
floor,  and  it  was  the  tailings  from  theWilfleys  andVanners  on  this 
second  floor  together  with  the  overflow  from  the  settling  tank 
supplying  the  second  floor  vanners  that  was  treated  in  the  grease 
plant.  It  was  passed  over  the  grease  just  as  it  left  the  Mammoth 
mill,  without  any  previous  settling  or  classification.  No  data 
of  the  quantity  treated  was  obtained  but  the  flow  over  the  belt 
was  more  than  would  be  the  case  in  commercial  work.  The 
angle  of  the  belt  was  45  degrees,  and  the  speed  of  the  belt  travel 
was  from  100  to  120  feet  per  minute.  Previous  to  the  start 
all  tanks,  etc.,  were  emptied  and  under  supervision  everything 
possible  was  done  to  obtain  accurate  data  in  regard  to  grease, 
concentrates,  etc.  On  the  completion  of  the  test  special  effort 
was  made  to  free  the  grease  from  water  and  concentrates.  The 
grease  in  the  tank  was  kept  hot  and  still  for  about  24  hours 
subsequent  to  the  test  and  after  removal  from  the  tank  to  the 
barrel  was  heated  by  steam  to  allow  all  water  to  settle  out. 
Official  figures  are  as  follows: — 

Grease  consumed,  108  lbs.;  concentrates  produced,  1,553 
lbs.  gross  weight;  concentrates  produced,  1,419  lbs.  dr^-. 
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Assay  Value  of  Concentrates. 

Au.     Ag.       Pb.        Zn.       Fe.     Cu.     Insol.     Grease  Moisture 
30c.  47  oz.    24%    21.9%  14%    8%     0.3%,     6.85%o     1-82%, 

According  to  assay  the  grease  remaining  in  the  concentrates 
amounted  to  106.4  lbs. 

The  zinc  contents  are  high,  but  under  the  special  conditions 
existing  here  the  value  of  the  concentrates  is  based  solely  on  the 
silver  and  lead  contents. 

On  the  completion  of  the  first  test  I  made  some  alterations 
in  the  machine,  and  on  August  3rd  reported  that  everything 
was  ready  for  a  further  test.  Instead  of  making  a  test  along 
definite  lines  it  was  left  to  me  to  run  as  I  thought  best,  and  my 
line  of  action  was  as  follows: — I  was  assured  that  it  was  very 
probable  that  shortage  of  water  would  close  down  the  i)lant 
by  the  end  of  the  month.  I  knew  that  I  had  much  to  learn  in 
regard  to  thf^  proper  adjustments  governing  the  silver  and  lead 
contents  of  the  concentrates  produced.  Governed  by  these 
considerations,  I  sought  to  experiment  with  and  study  the  con- 
ditions during  the  hrst  part  of  the  month,  and  finish  up  wilh 
a  test  run  based  on  the  results  of  these  experiments.  Very 
unfortunately  the  last  test  run  was  cut  off  short  by  want  of  water. 
It  must  be  kept  in  mind  that  this  machine  differs  radically  from 
a  Vanner  or  a  Wilfley  table.  With  a  \\'il(k'\'  an  adjustnuMit 
can  be  made  and  half  an  hour  will  serve  to  give  a  very  fair  idea 
of  the  effect  of  the  adjustment.  With  this  machine  the  assay 
results  must  be  waited  for. 

During  the  first  test  (in  Jul\)  I  did  not  venture  to  make  any 
experiments,  but  kept  the  machine  at  work  on  the  safe  side,  so 
that  I  have  had  only  about  three  weeks  in  which  to  study  the 
effects  of  extreme  adjustments. 

An  examination  of  the  assays  shows  surprising  results: 
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Summary  of  Results. 


Number  of  test  period 

1 

2 

3 

4 

No.  of  hours  of  run 

72 

50.5 

51 

10.25 

Cone,  produced,  dry  weight,  lbs... 

1419 

811 

638 

169 

Width  of  flow  on  belt 

3' 6" 

3' 4" 

3' 4" 

3' 4" 

Speed  of  belt  travel,  ft.  per  niin..  . 

100  to  120  100  to  140 

100  to  160 

180 

Lbs.  per  hour  per  foot  width 

5.63 

4  80 

3.75 

4.95 

Gro^s  value  of  Cone,  per  ton,  sil- 

ver at  56c 

45.10 

39.80 

49.40 

72.57 

Net  value  at  smelter 

24.90 

21.10 

30.00 

51.60 

Deducting   S6.00    for   grease   and 

$1.00  for  coal,  but  not  allowing 

for  labour,  depreciation,  etc.,  ac- 

tual net  value  per  ton 

17.90 

14.10 

23  00 

44.60 

Net  value  per  day  of  22  hours. . .  . 

3.87 

2.45 

3.16 

8.09 

Net  value  per  day  per  foot  width. 

1   10 

.73 

.95 

2.43 

On  account  of  ridges  in  the  belt  surface,  some  of  it  was  inoper- 
ative.    I  estimate  this  to  be  25%  of  the  width  of  the  flow. 
On  this  basis: — 


No.  of  test  period . 


Lbs.  per  foot  width  per  hour 

Net  value  per  day  of  22  hours,  per  foot 
width  of  belt  working  surface 


7.51 
1.47 


6  4 

.97 


5  00 
1.26 


6 
3 .  24 


The  quantity  treated  to  a  certain  extent  depends  upon  the 
flow  required  to  wash  away  the  objectionable  minerals,  in  this 
case  spathic  iron  and  zinc  blende.  My  experiments  so  far  show 
that  a  very  heavy  flow  is  required  to  keep  down  the  zinc  in 
the  concentrates.  With  the  angle  of  belt  and  quality  of  grease 
used  about  3.6  cubic  feet  per  minute  per  foot  width  of  belt  are 
required. 

During  the  third  and  fourth  periods  about  12.5  cubic  feet 
per  minute  were  flowing  over  the  belt,  carrying  about  42  lbs. 
of  ore.  This  amounts  to  27.5  tons  per  day  of  22  hours.  The 
average  value  of  5  days'  samples  of  the  tails  from  the  machine 
during  the  third  period  gave: — Ag.  3.7,  Pb.  3.7,  Zn.  3.6,  Fe  18.3. 
This  means  that  100  oz.  Ag.  and  2000  lbs.  Pb.  were  passing 
in  the  tails  from  the  grease  belt  per  day  of  22  hours. 
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During  the  third  test  period  the  belt  reco\'ered  7.3  oz.  Ag. 
and  78  lbs.  Pb.  per  day.  This  gives  an  efficiency  of  6.8% 
of  the  silver  and  4%  of  the  lead.  In  other  words  .20  oz.  Ag. 
and  14  lbs.  Pb!  were  caught  from  each  ton  of  pulp.  To  have 
shown  this  accurately  by  samples  of  feed  and  tails  would  have 
required  a  high  refinement  of  sampling  and  assaying. 

There  is  no  doubt  about  it  that  with  the  heavy  flow  required 
on  the  belt  several  passings  over  a  belt  will  be  required  to  make 
the  full  extraction  possible.  It  has  been  suggested  that  Frue 
\anners  might  do  as  well  and  do  it  cheaper.  In  December 
last  an  elaborate  experiment  was  conducted  under  the  super- 
vision of  the  mill  foreman  to  test  the  relative  efficiencies  of 
the  Frue  vanner,  the  Wilfley  table  and  the  new  Wilflcy  slimer 
for  the  purpose  of  choosing  a  type  of  machine  to  replace  the  canvas 
plant  in  the  Standard  mill.  This  material  has  been  treated 
only  once  (not  twice  as  the  material  treated  by  the  grease  belt 
machine). 

The  net  value  of  the  concentrates  produced  on  the  4  ft. 
vanner  per  hour  was  15.9  cents.  Ditto  on  the  4  ft.  (nominal) 
grease  belt  36.8  cents.  This  test  was  repeated  in  January, 
and  the  result  was:— Net  value  of  concentrates  per  hour  on 
vanner,  17  cents. 

Now  the  grease  belt  has  only  a  ncMiiinal  4  ft.  width.  The 
belt  is  3  ft.  11  inches  wide  and  3|  inches  is  turned  up  at  an 
angle  at  each  end  to  retain  the  pulp,  leaving  3  feet  4  inches  as 
working  surface.  This  3  or  3^  inches  is  a  constant  for  all  sizes 
of  belts;  for  example  a  grease  belt  8  feet  7  inches  wide  would 
have  a  working  surface  of  8  feet.  This  gives  a  truer  basis 
of  comparison  and  on  this  basis  we  get: — Net  product  per 
hour  per  foot  width  of  belt,  \'anner,  4.25  cents;  grease  belt, 
11. 00  cents. 

It  must  be  remembered  that  in  the  case  of  the  grease  belt 
the  net  \-aIue  is  obtained  after  deducting  the  cost  of  grease  and 
steam  C(Misumed.  But  still  further  I  submit  that  this  is  not  yet 
a  true  commercial  comparison  because  the  grease  belt  (the  first 
of  its  particular  kind  made)  was  imperfect  and  more  than  25% 
of  the  3  feet  4  inches  of  working  surface  was  inoperative,  and 
I  submit  that  this  is  a  matter  very  easily  remedied  in  future 
belts,  so  that  the  true  commercial  comparison  must  be  on  the 
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basis  of  the  actual  belt  surface  in  operation.  On  this  basis  we 
get  net  product  per  foot  per  hour.  Vanncr,  4.25  cents;  grease 
belt,  14.7  cents. 

It  is  true  that  this  was  on  Standard  ore  in  January  for  the 
vanner,  and  on  Mammoth  ore  in  August  for  the  grease  belt; 
but  the  difference  between  the  original  ores  is  slight,  while  the 
vanner  treated  a  product  that  has  been  once  only  over  the  tables, 
while  the  grease  belt  treated  a  product  that  had  been  twice 
over  the  tables  and  is  being  turned  into  the  creek  as  a  waste  pro- 
duct. 

The  net  value  at  smelter  of  the  vanner  product  was  S21.45 
per  ton  and  the  net  value  at  smelter  of  the  grease  belt  product 
was  $51.60  or  afterdeducting  S6.00  for  grease  and  Sl.OOfor  steam 
consumed,  $44.60  per  ton.  These  figures  are  taken  from  the 
last  test  period  of  the  grease  belt  run.  The  results  of  the  first 
and  last  test  periods  are  put  down  here  for  comparison. 

Net  value  of  cone,  per  ton,  net  \'alue  per  machine  (nominal 
4  ft.  per  hour). 

First  test S17.90         17.6  cents. 

Last  test 44.60         36.8  cents. 

Between  these  two  I  had  three  weeks  of  experimenting.  It  is 
to  be  remembered  that  this  product  is  recovered  from  the  waste 
from  the  best  mill  in  the  Coeur  d'Alenes.  The  result  of  the 
first  test  is  commercially  good  and  such  a  result  would  justify 
the  adoption  of  the  process.  The  improvement  after  three 
weeks  of  experimenting  is  remarkable  and  it  is  a  justifiable 
commercial  assumption  that  greater  experience  would  result 
in  still  better  results.  These  results  are  much  better  than 
anything   I    anticipated. 

In  connection  with  the  apparent  excessive  cost  of  grease, 
the  following  should  be  noted.  The  concentrates  from  all  the 
Wilfleys  and  Frues  in  the  Mammoth  mill  during  the  month  of 
July  averaged  in  gross  value  S48.02  per  ton.  with  a  net  value 
at  smelter  of  828.18.  Lower  floor  Wilfleys  and  Frues  (se- 
cond treatment)  product  concentrates  worth  gross  835.07  per 
ton  and  net  816.36.     The  grease  belt  fthird  treatment)  produced 
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concentrates  worth  gross -$72. 57  and  net  S44.60.  This  is  after 
deducting  freight  and  smelter  treatment  and  !$6.00  for  grease 
and  $1.00  for  steam. 

Net  vakie  of  cone,  from  all  Wiltleys  and  Frues  .  .  .59.0%  of  gross, 
lower  floor  (2nd  treatment)46 . 5% 
grease  belt  61.5% 

It  will  be  noted  that  in  these  notes  the  emphasis  has  been 
on  the  commercial  aspect.  The  earning  capacity  of  the  machines 
was  the  sole  point  to  be  demonstrated.  In  the  comparison 
with  the  Frue  vanners  it  must  be  remembered  that  the  quantity 
of  pulp  treated  by  the  grease  belt  was  very  much  more  than 
that  by  the  Frue  vanners,  but  it  must  be  also  remembered  that 
the  pulp  treated  by  the  vanner  had  been  only  once  previously 
treated  while  the  pulp  treated  by  the  grease  belt  had  been  twice 
treated.  These  comparisons  are  of  cases  by  no  means  parallel, 
but  were  cited  to  show  a  comparison  of'  the  earning  capacity 
of   the   machines. 

Shortage  of  water  for  power  purposes  put  a  stop  to  the 
experiments  and  nothing  further  was  done  with  the  plant. 


GRADING  ANALYSES  AND  THEIR  APPLICATION   TO 
CYANIDATION,  CLASSIFICATION,  ETC. 

By  John  W.  Bell,  McGill  University,  Montreal 

{Annual  Meeting,  Otiazca,  Mai'ch,  igif) 

The  series  of  grades,  outlined  in  this  paper,  was  proposed  and 
described  by  Mr.  H.  Stadler  in  an  admirable  paper  contributed 
to  the  Institution  of  Mining  and  Metallurgy.  (0 

In  that  paper,  Mr.  Stadler  demonstrates  the  application 
of  grading  analyses  to  the  study  of  the  efficiency  of  rock  crushing 
machinery,  and  it  is  my  purpose  to  point  out  applications  in 
connection  with  cyanidation  and  classification. 

For  the  benefit  of  readers  not  familiar  with  Mr.  Stadler's 
system  of  grading,  I  will  sketch  briefly  the  series  he  recommends. 

He  argues  that  "the  most  rational  and  logical  system  of 
grades  is  undoubtedly  to  base  it  on  the  reduction  of  volume  (or 
weight)  of  the  particles,"  and  that,  "by  reducing  the  cube  of 
the  unit  successively  by'  one  half  of  its  volume,  and  assuming 
these  fractures  to  be  again  of  cubical  shape,  each  size  of  this  series 
of  theoretical  cubes  obtained  represents  a  grade  of  a  reduction 
scale  of  the  ratio  2."  Moreover,  "if  to  each  of  these  cubes  an 
ordinal  number  be  given  beginning  with  0  as  representing  the 
unit  cube  of  1  inch  side,"  certain  formukc  which  he  gives, 
"will  determine  the  functions  of  the  series." 

Expressing  this  in  the  simplest  way,  cubes  of  zero  grade  have 
a  volume  of  1  cubic  inch;  cubes  of  the  1st.  grade  have  a  volume 
of  0.5  cu.  in.;  cubes  of  the  2nd.  grade  have  a  volume  of  0.25  cu. 
in. ;  cubes  of  the  3rd.  grade  have  a  volume  of  0.125  cu.  in.,  etc. ;  the 
volume  being  reduced  \  for  succeeding  grades. 

Mr.  Stadler  calls  the  grade  numbers  "ordinal  numbers," 
so  that  when  an  ore  product  is  represented  by  Ord.  No.  2,  it 
means  that  either  all  the  particles  in  that  product  are  cubes  of 
volume  0.25  cu.  inch,  or  that  the  average  volume  of  the  particles 
is  0.25  cu.  in.  (Note: — The  fact  that  ore  particles  are  not  cubes 
is  dealt  with  by  Mr.  Stadler  in  a  manner  v.'hich  seems  quite 
satisfactory  for  all  practical  purposes.) 

(1)  Grading  Analvses  and  their  application,  bv  H.  Stadler.  Trans.  Inst. 
jM.  &  M.,  Vol.  xix.,  pp.'471-8.5. 
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The  (ordinal  number  (Xj  f(jr  a  cube  of  volume  (V)  is  ob- 
tained  by   the   formula: — 

1 

log   y 

~    log2~ 

The  N  value  for  any  screen  of  known  square  aperture  can  be 
readily  ascertained  by  this  formula.  It  is  assumed  also,  that  the 
ordinal  number  of  a  product  which  passes  one  sieve  and  stays 
on  another  is  a  mean  of  the  ordinal  numbers  of  the  two  sieves. 

If  then  a  mill  product  is  sieved  on  a  set  of  screens,  the  per- 
centage of  each  size  determined  and  multiplied  by  its  correspond- 
ing ordinal  number,  and  the  quantities  thus  obtained  added  to- 
gether, a  composite  figure  is  obtained  which  is  the  Ordinal 
Number  of  the  product.  If  desired  the  average  volume  of  the 
particles  in  it  can  be  determined  by  substituting  this  value 
of  N  in  the  equation  above  and  solving  for-V. 

For  a  purpose  which  will  appear  later,  I  ha\'e  worked  out 
the  ordinal  numbers  for  the  screens  and  grades  used  by  Messrs. 
Caetani  and  Burt,  in  the  very  interesting  tests  carried  on  by  them 
at  the  El  Oro  Mill  in  Mexico.  ("")     The  results  are  noted  in  Table 

1. 

TABLE  1 

Apcraturc  Ordinal  Grade  Ordinal 

Mesh.  Inches  No.  No. 

25 0202 15.3 -4^ 16.5 


30 0203 10.9. 


40 
-40 

40 0167 17. S 4-60 

60 0098 20.0 -60 


18.9 
21.0 


80 0063 22.0 ^  80 

100 0014 23.6 ^I^ 22.8 


150 0035 24.6. 

200 0026 25.8. 


^-100 
-100 
H--150' 


24.1 


Ordinal  Numbers  of  E\  Oro  Screens  and  25.2 


Grades 


+200 

—200 28.0 


(2)     Fine  Grinding  of  Ore  by  Tube  Mills.     G.  Caetani  &  E.  Burt.     Vol. 
37,  Trans.  A.I. M.E. 
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I  might  say  in  explanation  of  the  above  table  that  being  de- 
sirous of  studying  the  relation,  if  any,  between  volume  and 
extraction,  it  was  necessary  to  obtain  accurate  data  to  work 
with. 

In  the  excellent  series  of  screen  analyses  and  'sand  indices' 
(gold-silver  extractions)  available  and  at  hand  in  the  Caetani- 
Burt  paper,  I  found  the  information  needed  to  stud}'  this  rela- 
tion. By  merely  obtaining  the  ordinal  numbers  of  the  El  Oro 
screens  and  grades,  it  was  a  simple  matter  to  calculate  the  or- 
dinal numbers  of  each  of  the  various  products  made  at  the  El 
Oro  Mill,  and  knowing  the  corresponding  gold  and  silver  extrac- 
tions obtainable,  the  results  could  be  plotted  on  an  ordinal 
number — extraction   basis. 


TABLE  2 

TABLE  3 

Grade 

% 

Orel.  No. 

Grade 

%    Ord.  Xo. 

-r  40 

31.9 

X 

16.5  = 

=  5.3 

+  40 

60 

22.9 

18.9 

4.3 

60 

80 

12. ti 

21.0 

2.6 

80 

100 

7.9 

22 . 8 

1.8 

100 

0.3         22.8 

0.1 

L50 

14.4 

24.1 

3.5 

150 

8.6         24.1 

2.1 

200 

2.2 

2.5.2 

0.5 

200 

6.0         25.2 

1.5 

—200 

7.G 

28.0 

2.1 

—200 

84.6         28.0 

23.6 

99.5  20.1 

Product — Feed  to  Tube  .Mills 

Nos.  4  and  5. 
Ordinal  Xo.  of  Product  X— 20.1. 
(iold  E.xtraction  (El  Oro)  58.4% 
Silver         ,,  „  36.6% 


99.5 


27.3 


Product — 'Slime  to  .Atjitators.' 
Ordinal  Xo.  of  Product  X— 27.3 
Gold  E.xtraction  (El  Oro)  89.9% 
Silver         „  ,,         75.8% 


Tables  2  and  3  illustrate  the  calculation  of  the  ordinal  num- 
bers of  two  El  Oro  products.  The  ordinal  numbers  of  nine 
additional  products  were  calculated  and  plotted  together  with 
their  corresponding  gold  and  silver  extractions.  This  established, 
in  all,  eleven  points  on  each  cur\-e;  it  was  at  once  apparent 
that  the  curves  take  the  form  of  two  straight  lines.  The  results 
are  shown  graphically  on  Plate  1.  The  information  indicated 
by  the  curves  may  be  summed  up  as  follows: — 

(1)  A  close  relation  between  'volume'  and  'extraction.' 
IMore  specifically,  the  gold  extraction  increases  4.3%  and  the  silver 
extraction  5.3%,  each  time  the  average  volume  of  the  particles 
is  divided  bv  2. 
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(2)  The  extraction  docs  not  seem  to  be  proportional 
to  the  increase  of  surface  exposed  since  the  surface  exposed 
increases  rapidly  from  one  grade  to  another  while  the  increase 
in  extraction  appears  to  be  constant  for  a  grade  interval. 

(3)  Ordinal  Number  extractions  taken  off  the  curve  or 
calculated  by  the  formula?  (Plate  1)  check,  for  all  practical 
purposes  with  the  sand  indices  calculated  by  Messrs.  Caetani 
and  Burt,  which  we  are  informed,  "check  closely  with  the  re- 
sults actually  obtained." 

(4)  100^  gold  extraction  is  indicated  for  an  X — 29.7 
product  and  complete  silver  extraction  for  an  X — 31.9  product. 
These  figures  are  of  mere  speculative  interest  as  are  those  ob- 
tained when  V  »S:  V  1    =  O. 


100  I —      ~~'  ~^ 


X 


r:...Ji.i 


- 

- 

-  6li 

u. 

- 

-^—jc 

-.SC 

^ 

run  i. 
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Ordinal  No.  extractions  may  be  compared  with  correspond- 
ing sand  indices  in  the  following  table. 

TABLE  4 

PRODUCT  •       Ord.       Sand  Index    Ord.  No.        Diff. 

No.         Extraction     Extraction 

O:'  (' 

/O  /O 

Gold  Gold 

Feed  to  No.  4-5  Tube  Mills 20.1  58. 4  57.8  +0.6 

Stamp  Mill  Pulp 22.6  68.9  68.8  0.1 

Spitzkasten  1,  Spigot  1 23.3  71.5  71.9  —0.4 

Feed  to  No.  3  Tube  Mill 23.7  73.6  73.6  0.0 

Spitzkasten  1,  Spigot  3 23.9  74.1  74.5  —0.4 

Spitzkasten  1,  Spigot  4 24.6  77.2  77.6  — 0.4 

Discharge  No.  3  Tube  Mill 25.0  79.4  79.3  0.1 

Spitzkasten  1,  Spigot  6 25.5  81.6  81.5  0.1 

Spitzkasten  2,  Spigot  3 25.9  83.1  83.3  —0.2 

Spitzkasten  2,  Spigot  4 27.0  87.8  88.1  —0.3 

Slime  to  Agitation  Plant 27.3  89.9  89.4  ^0.5 

Note: — The  Ordinal  No.  extractions  were  obtained  bv  the  formula — 

Y  =  4.39X  — 30.4,    V— So    E.xtraction.       X^the    Ord.    No.    of    the 
product. 

To  still  further  test  the  relation  between  volume,  surface 
and  extraction,  I  have  analyzed  the  data  used  by  Messrs.  Caetani 
and  Burt  in  calculating  the  sand  indices. 

Volume-extraction  and  surface-extraction  curves  were  plot- 
ted from  the  data  in  Table  5. 

TABLE  5 

Product -^40  -L60  -f80  —100  +150  +200—200 

Av.  diam.  grain-in,s.(:d)  .0190  .0134  .0079  .0052  .0039  .0031      .001 

Volume-Billionths  cu.in.  6850  2400  492  140  59  30             4 

Gold  extraction 45  53  61  68  75  80           92 

Silver  extraction 17  28  42  51  59  66           79 

Surface  exposed 53  75  127  192  256  322         625 

(Note: — -The  surface  exposed  by  crushing  has  been  assumed  to  be  propor- 
tional  to   the   number   of   particles   in   unit   volume   multiplied   by 

the  square  of  the  average  diameter  of  a  particle,  =  —  \/~ —  1 

'  d^'^  1  -dj 

Commencing  with  the  largest  particle  in  Table  5,  the  vol- 
ume was  halved  at  each  step  and  the  probable  extraction  for 
each  volume  in  this  series,  was  obtained  from  the  curve. 
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The  results  obtained  are  tabulated  below: — 

Vulumc-Billionths     of 


of     a     cii. 
6850     

TABLE  G 

inch. 

• 

Gold  Extraction 
.  .     45':fi     

Increase 

3425     

.  .     51         

.  .     6.07o 

1712     

. .     54.4     

..     3.4 

!S5()     

. .     58  0     . 

.     3  6 

428     

. .     62 . 2     

4.2 

214     

. .     66.2     

..     4.0 

107     

. .     70.2     

..     4.0 

54     

. .     76  0     . 

.     5.8 

27     

. .     80 . 8     

..     4.8 

14     

..     86.0     

. .     5.2 

.  ..     90.0     

..     4.0 

3     

, ..     92.6     

..     2.6 

\'oliimc  reduced  }j  —  11  times     11)47.6 


Average  Increase  ^=4.3 

Table  7  illustrates  h<nv  the  gold  e.xtraction  increases  for 
equal  increases  in  surface. 

TABLE    7 

Surface  E.xtraction  Increase   in   extraction 

Sq.    Ins.  Vo  for  each  increase  of  100  sq.  ins. 

100 56.7 

200 70.0 13.3% 

300 79.0 9.0 

400 84.6 5.6 

500 88.5 3.9 

600 91.2 2,7 

Certainly,  Table  6  indicates  a  more  or  less  even  increase  in 
extraction  each  time  the  volume  is  reduced  by  ?,,  and  Table  7 
does  not  support  the  authors'  (')  belief  that  "the  maximum 
extraction  must  be  proportional  to  the  surface  of  the  ore  exposed 
by  crushing."  Whether  this  relation  between  volume  and  ex- 
traction applies  to  ores,  other  than  El  Oro  ore,  is  a  matter  re- 
quiring further  investigation.     If  it  can  be  proved  to  have  any 


(;'))     C'aetani  and  I^iurt,  (opdl.) 
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general  application,  there  would  be  substantial  reason  for  in- 
troducing the  Stadler  series  of  grades  into  regular  milling  practice. 

The  simplification  realized  by  being  able  to  represent  a 
complex  screen  analysis  by  a  number,  is  worthy  of  the  attention 
of  the  practical  mill  superintendent. 

For  instance  it  permits  the  use  of  very  simple  charts  showing 
the  variations  in  size  of  mill  products,  and  the  resulting  increases 
or  decreases  in  extraction. 

In  an  all-sliming  mill,  there  is  a  classifier  overflow  of  a  certain 
Ordinal  Number  which  if  maintained  will  insure  maximum  profit. 
The  mill  chart  for  this  product  should  be  a  straight  line  as  nearly 
as  possible,  and  any  abnormal  carelessness  in  the  adjustment 
of  the  classifier  would  be  indicated  graphically.  Occasional 
or  systematic  estimates  of  the  ordinal  numbers  of  the  mill  assay 
samples  might  well  repay  the  small  additional  expenditure  of 
time   and    money   required. 

In  this  connection  it  is  pertinent  to  remark  that  screen  an- 
alyses made  by  hand  are  both  antiquated  and  expensive.  For 
a  comparatively  small  outlay  machines  can  be  obtained  which  will 
permit  turning  out  more  screen  analyses  in  a  day  than  a  muscular 
assayer  will  do  in  several  days  and  the  machine  screening  will 
be  far  more  reliable  and  uniform,  not  to  mention  the  saving  in 
the  assayer's  time  and  energy. 

The  standard  Institution  of  Mining  and  Metallurgy  screens 
are  worthy  of  adoption  because  they  are  well  and  accurately 
made.  If  the  grading  system  comes  into  more  general  use,  it 
might  be  convenient  to  adopt  a  set  of  screens  exacth'  one  or  two 
grades  apart,  although  by  selection  such  a  series  of  Institution  of 
Mining  and  Metallurgy  screens  can  be  approximated. 

Another  argument  in  favour  of  calculating  the  ordinal 
numbers  of  products,  is  the  ease  with  which  two  or  more  can  be 
compared  with  respect  to  fineness.  As  an  illustration  of  this, 
the  sand  indices  for  the  'Discharge  from  No.  3  Tube  Mill'  happen 
to  be  almost  identical  with  the  indices  for  the  'Sand  Receiver' 
product.  It  follows  that  the  ordinal  numbers  of  these  products 
should  be  about  the  same. 
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The  screen  analyses  and  ordinal  numbers  are  shown  in  the 
following  tables. 

TABLE  8  TABLE  9 

Discharge  from  Xo.  3  Tube  Mill 

'    ■  \'  ''^  Y  V 


+  40 

+  00 

o.s 

IS.  9 

0.1 

+  80 

0.4 

21.0 

1.3 

+  100 

12.3 

2   .8 

2.8 

+  150 

39.8 

24.1 

9.G 

+200 

8.1 

2.5.2 

2.0 

Sand  '. 

Receiver 

% 

X 

+  40 

+  60 

+  80 

2.0 

21.0 

0.5 

+  100 

8.0 

22.8 

2.0 

+  1.50 

52.5 

24.1 

12.8 

-^200 

12.5 

25.2 

3.1 

-200        33.0        28.0        9.2  -200        24.2         28.0        0.8 

100.4  25.0  100.4  25.2 

The  screen  analyses  above  are  so  radically  different  that  it 
would  not  be  at  all  easy,  by  simple  inspection,  to  distinguish 
one  as  being  coarser,  finer,  or  equal  to  the  other.  By  merely 
obtaining  the  ordinal  numbers,  this  relation  is  quickly  and  easily 
established. 

The  simplification  realized  by  being  able  to  represent  a 
complex  screen  analysis  by  a  single  number  is  \-aluable  also  in 
determining  the  efficiency  of  screens,  classifiers,  etc. 

For  example,  the  principal  factors  which  affect  the  character 
of  the  overflow  from  conical  de-sliming  classifiers,  are: — 

(1)  The  diameter  of  the  overflow  rim. 

(2)  Volume  of  overflow  (sand  and  slime   p  water)   in  cubic 

feet  per  minute. 

(3)  The   efficiency   of   the    feed    plate    in   destroying   the 

entering  velocity  of  the  incoming  feed. 

(4)  The  rate  of  withdrawal  of  the  spigot  although   this 

factor  is  closely  related  to  factor  2. 

My  experience  is  that  the  simplest  way  to  study  this  prob- 
lem is  to  sample  and  measure  a  number  of  overflows,  determine 
their  ordinal  numbers,  and  plot  the  results  for  a  cone  of  given 
diameter. 

It  would  be  a  great  step  in  advance  if  some  such  series 
of  grades  were  adopted  and  used  generally.  The  results  obtained 
in    the    numberless    investigations    now    being   made   in    many 
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parts  of  the  world  would  then  be  comparable  to  some  extent 
and  therefore  far  more  valuable  than  is  possible  as  long  as  the 
present  unsystematic  methods  are  continued. 

Experiments  are  being  conducted  meanwhile  at  IMcGill 
University  on  a  typical  Rand  ore  to  determine  whether  the 
extraction  is  proportional  to  the  volume  of  the  ore  particles, 
as  is  apparently  the  case  with  the  El  Oro  ores.  Mr.  R.  V. 
King,  of  the  Department  of  Physics  of  McGill  University,  has 
kindly  undertaken  the  mathematical  analysis  of  the  results  of 
the  experiments.  It  is  hoped  that  this  will  form  the  basis  for 
a  supplementary  paper. 


THE  CYANIDE  PROCESS  IN  CANADA 

By  Herbert  A.  Megraw,  New  York 

Cyanidation  is  a  comparatively  new  process  in  Canada. 
Until  quite  recently,  in  Eastern  Canada  at  least,  the  gold  and 
silver  production  was  relatively  small,  and  metals  were  in 
the  main  recovered  as  by-products  from  the  reduction  of  base 
metals.  In  British  Columbia,  however,  the  cyanide  process 
has  been  employed  for  some  time  past  in  the  treatment  of  gold 
ores.  The  utilization  of  the  process  to  any  considerable  extent 
in  Eastern  Canada  was  occasioned  by  the  development  of  metal- 
lurgical practice  in  connection  with  the  treatment  of  the  silver 
ores  of  the  Cobalt  district.  These  ores,  consisting  as  they  do, 
of  a  chemical  and  mechanical  mixture  of  silver  with  iron,  sulphur, 
manganese,  nickel,  cobalt,  arsenic,  antimony  and  sometimes 
small  quantities  of  mercury,  present  io  the  metallurgist  an 
unattractive  combination  for  cyanidation;  in  fact,  their  amen- 
ability to  such  treatment  would  not  recommend  itself  to  one  at 
first  glance.  Naturally  enough,  the  shipping  of  the  rich  ore  to 
smelters  and  the  concentration  of  the  lower  grades  into  a  pro- 
duct rich  enough  to  ship,  were  the  first  processes  in  use;  but 
eventually  experiments  with  cyanide  solutions  were  made 
and  now  cyanidation  is  an  established  metallurgical  means 
of  recovering  silver  from  the  Cobalt  ores.  There  is  little 
doubt,  however,  that  it  has  not  yet  by  any  means  reached  its 
apex  of  efficiency  nor  its  widest  application.  In  the  early  stages 
of  application  this  condition  is  to  be  expected  and,  since 
the  ores  present  a  metallurgical  problem  which  cyanidation  in 
no  other  instance  has  been  called  upon  to  solve,  it  is  extremely 
probable  that  some  variations  of  method  w-ill  eventually  be 
devised  peculiarly  adaptable  to  ores  of  this  complex  character 
and  differing  radically  from  usual  practice.-  Until  now  methods 
in  the  Cobalt  district  have  been  largely  those  already  in 
general  use.  An  exception,  however,  is  afiforded  in  the  case  of 
practice  at  the  Nipissing  high-grade  mill,  now'  well  known 
throughout  the  metallurgical  world,  where  a  peculiar  com- 
bination   of    processes   is   employed    and    applied    successfully 
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in  the  treatment  of  extremely  rich  silver  ores.  But  the  method 
here  can  scarcely  be  described  as  cyanidation,  for  the  greater 
part  of  the  recovery  is  effected  by  amalgamation.  It  is, 
nevertheless,  an  example  of  the  fitting  of  a  process  to  the  material 
to  be  treated  and  as  such  deserves  special  praise  and  study. 
Presumably  the  system  in  use  at  this  mill  is  familiar  to  all  in- 
terested in  the  subject,  but  a  brief  review  of  its  principal  features 
may  be  permissible. 

The  ore,  the  values  in  which  are  as  high  as  3,000  oz.  silver 
per  ton,  is  first  crushed  dry  in  a  ball  mill  to  a  point  where  it  will 
pass  a  20-mesh  screen.  It  is  then  sampled  and  stored  until 
required  for  treatment.  The  first  step  in  actual  metallurgy 
is  the  charging  of  the  crushed  ore  into  a  tube  mill  together  with 
mercury,  a  5%  cyanide  solution  and  pebbles  for  grinding.  The 
tube  mill  is  thus  converted  into  what  is  practically  an  amalga- 
mating barrel,  with  the  addition  of  the  grinding  feature,  unusual 
in  combination  with  amalgamating  systems. 

The  whole  charge  thus  made  is  sealed  in  the  tube  mill  and 
the  machine  started.  The  revolution  of  this  tube  at  usual  speed 
naturally  results  in  a  rise  of  temperature,  and  it  is  possible  that 
this  rise  might  exceed  the  point  of  assisting  amalgamation  and 
become  positively  dangerous  to  successful  results  but  for  the  fact 
that  it  is  controlled  to  some  degree  by  passage,  through  the  mill, 
of  compressed  air,  which  readily  absorbs  part  of  the  heat  and 
removes  it.  It  would  be  natural  to  expect  a  large  loss  of  mercury 
in  this  procedure,  due  to  "flouring"  or  "sickening,"  but  it  is 
stated  that  this  does  not  occur,  the  loss  is  not  great  and  is  pre- 
sumably offset  to  some  degree  by  the  small  amount  of  mercury 
contained  as  mercury-silver  amalgam  in  the  ore. 

The  action  within  the  tube  is  probably  that  of  liberation  of 
the  metallic  silver  by  the  fine  grinding  and  its  immediate  amal- 
gamation with  the  mercury,  which  is  maintained  in  an  active 
state  by  the  temperature  and  the  strong  cyanide  solution. 
The  latter  keeps  the  mercury  clean  by  dissolving  those  com- 
pounds which  when  present  convert  it  to  fine  globules  and  pre- 
vent their  coalescence,  a  condition  in  which  it  is  known  as 
"floured"  or  "sickened"  mercury.  It  is  undoubtedly  true  that 
the  cyanide  solution  thus  becomes  charged  with  many  elements 
which  it  carries  into  the  subsequent  treatment.     This  treatment 
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consists  of  agitating  the  now  finely  ground  ore,  after  the  re- 
moval of  the  mercury  and  amalgam,  in  the  usual  way  in  tanks 
with  cyanide  solutions. 

As  these  solutions  are  used  repeatedly  it  is  probable  that  there 
is  some  point  where  these  foreign  elements,  or  a  portion  of  them 
are  removed:  otherwise  accumulation  would  result  to  such  a 
great  extent  that  the  solutions  would  lose  their  efficiency.  The 
natural  place  to  anticipate  difficulty  would  be  in  the  precipita- 
tion department.  Zinc  sha\ings  are  used  for  precipitation, 
and  it  is  noticeable  that  during  the  passage  of  the  solutions 
through  the  boxes  a  precipitate,  light  in  weight,  is  formed  which 
does  not  remain  to  any  great  extent  in  the  box  but  passes  through 
it  and  settles  in  the  large,  quiet  area  of  the  sump  tank.  Analy- 
sis of  this  precipitate  has  shown  the  presence  of  practically  all 
of  the  elements  mentioned  as  contained  in  the  ore.  This  oc- 
currence will  account  for  the  removal  of  many  disturbing  ele- 
ments, and  the  fact  that  the  pulp  after  leaving  the  tube  is  diluted 
with  this  precipitated  solution  makes  the  additional  dissolution 
of  silver  in  the  tanks  readily  understood.  In  addition  to  the 
elements  removed  in  this  wa>-  from  solution,  it  is  altogether  likely 
that  some  of  the  elements  which  are  at  first  dissolved  in  the  cyan- 
ide solution  will  be  precipitated  as  sulphides,  due  to  the  large 
sulphur  content  of  the  ore.  This  will  account,  certainly,  for 
the  removal  of  some  of  the  mercury  dissolved,  which  will  form 
an  insoluble  sulphide,  and  also  explains  the  non-use  of  lead 
salts  during  cyanidation  (as  is  usual  in  most  silver  treatment 
plants)  the  mercury  efficiently  taking  its  place. 

The  total  recovery  effected  by  this  combination  of  processes 
is  said  to  be  about  99%,  possibly  more  at  times.  The  amalgama- 
tion is  responsible  for  about  97%,  the  cyanide  recovery  being 
comparatively  small,  but  nevertheless  well  worth  while  on 
account  of  the  extremely  high  original  content  of  the  ore. 

The  whole  scheme  of  treatment  is  ingenious  and  reflects 
great  credit  upon  the  metallurgists  responsible  for  its  devising, 
namely,  Mr.  Charles  Butters,  assisted  by  Mr.  G.  H.  Clevenger 
and  Mr.  James  Johnston. 

Three  other  Cobalt  mines  are  practicing  cyanidation  in 
some  form  and  degree.  These  are  the  Buffalo  Mines  Co.,  the 
Dominion  Reduction  (^o.,  and  the  O'Brien.     The  Buffalo  uses 
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both  concentration  and  cyanidation,  treating  by  cyanide  only 
the  slime  formed  during  crushing  and  grinding,  which  is  not  more 
than  about  20%  of  the  total  ore  crushed.  About  80%  to  85%  of 
the  silver  contained  in  this  slime  is  reported  to  be  extracted  by 
cyanidation  in  the  usual  form,  using  air  agitation  tanks.  Steam 
coils  are  employed  in  the  tanks  to  assist  solution  of  the  silver, 
which  is  a  necessary  procedure  during  the  cold  season  and  may 
be  of  practical  utility  at  other  times.  The  Buffalo  company  is 
installing  or  has  now  installed  an  auxiliary  plant  for  the  treat- 
ment of  rich  products  by  a  system  similar  to  that  in  use  at  the 
Nipissing. 

At  the  O'Brien  mill  concentration  of  the  total  ore  is  followed 
by  cyanidation,  the  usual  methods  being  followed,  all  the  ore 
being  reduced  to  a  point  where  it  can  be  agitated.  At  this  mill 
an  unusual  feature  is  the  precipitation,  aluminium  dust  being 
used  instead  of  zinc,  otherwise  the  method  is  the  same.  The 
advantages  are  that  one  ounce  of  aluminium  dust  will  precipitate 
three  ounces  of  silver  and  that  the  resulting  precipitate  can  be 
melted  without  the  use  of  flux,  producing  a  high  grade  bullion. 
As  the  cost  of  the  aluminium  dust  is  about  three  times  that  of 
zinc  the  advantage  is  apparently  reduced  to  the  ease  and 
economy  of  melting,  which  may  be  important  and  which  cer- 
tainly deserves  investigation,  if  it  has  not  already  received  it. 

At  the  mill  of  the  Dominion  Reduction  Company  a  most 
careful  system  of  concentration  before  cyanidation  is  followed. 

At  the  new  mill  of  the  Nipissing  Company,  completed  since 
the  writer's  visit  to  the  district  last  autumn,  the  plant  is  de- 
signed to  cyanide  ores  of  lower  grade,  25  to  30  oz.,  without  pre- 
liminary concentration,  other  than  jigging,  making  a  total 
slime  product;  and  to  make  use  of  some  chemical  innovations. 
Chemical  improvement  is  of  vital  importance  to  the  successful 
cyaniding  of  these  ores. 

In  addition  to  the  mills  already  using  the  cyanide  process, 
the  large  number  of  concentrating  plants  in  operation  are  pro- 
ducing a  quantity  of  tailing  of  appreciable  value  which  might 
be  amenable  to  cyanide  treatment  in  some  form.  This  material 
being  already  crushed  and  in  condition  for  economical  handling 
should    3'ield    a    further    profit.     Some    chemical    improvement 
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by  means  of  which  cyanide  losses  could  be  reduced  and  extrac- 
tion increased  would  be  of  immense  value. 

In  this  connection  attention  may  be  called  to  the  increased 
extraction  of  silver  at  the  Tonopah  and  other  silver  treating 
mills  by  heating  the  solutions  to  120°f.  Also  the  stress  laid  by 
some  western  metallurgists  who  are  convinced  of  a  notable 
improvement  in  extraction  by  crushing  ores  in  water,  removing 
the  water  so  far  as  possible,  and  then  applying  the  cyanide 
solution.  It  seems  possible  that  a  preliminary  application  of 
some  solution  might  result  in  increased  efficiency,  and  it  is  cer- 
tainly worth  while  searching  for  a  method  that  can  be  applied 
successfully  to  these  ores.  The  Cobalt  ores  differ  so  much  from 
those  to  which  these  measures  have  been  applied  that  it  is  natural 
to  expect  a  different  procedure  in  treatment  and  there  is  room  for 
further  experimentation. 

The  situation  as  regards  cyanidation  is  entirely  different  in 
the  Porcupine  district.  Here  the  principal  value  is  in  gold  which 
is  contained  in  a  quartzose  ore,  comparatively  clean  and  present- 
ing no  metallurgical  difficulties.  The  two  mills  at  present  using 
cyanidation  on  a  large  scale,  the  Dome  and  Hollinger,  are  ac- 
complishing the  same  metallurgical  result  by  two  different 
mechanical  means.  At  the  Dome,  plate  amalgamation  is  em- 
ployed to  recover  the  free  gold  which  is  in  particles  too  large  for 
dissolution  in  cyanide  solutions  within  a  reasonable  treatment 
time.  At  the  Hollinger  this  material  is  recovered  by  concen- 
tration on  tables,  and  subsequent  treatment  of  the  concentrate 
by  pan  amalgamation.  At  the  Dome  mill  the  ore  is  crushed  in 
water  in  order  to  assure  successful  amalgamation;  while  at  the 
Hollinger,  crushing  is  in  cyanide  solution.  It  has  been  found  at 
the  Hollinger  that  very  little  gold  escapes  from  the  tube  mills, 
but,  due  to  its  weight,  is  retained  in  the  tube  mill  until  ground 
fine  enough  to  be  dissolved.  This  will  probably  make  some 
change   in   procedure  advisable. 

At  the  Dome  mill  the  water  crushing  is  objectionable 
on  account  of  the  fact  that  it  necessitates  the  introduction  of 
a  large  amount  of  water  into  the  cyanidation  cycle,  and  this 
must  later  be  discharged  with  the  residue  and  will  then  contain 
considerable  cyanide  with  possibly  some  dissolved  gold.  The 
probabilities  are  that  the  amalgamation  system  is  unnecessary 
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viewed  in  the  light  of  the  experience  of  the  HolHnger.  Even  if 
it  is  not,  amalgamation  may  be  successfulh-  performed  in  cyanide 
solutions,  as  is  done  at  the  Liberty  Bell  mill  at  Telluride,  Col- 
orado, with  eminently  satisfactory  results. 

In  Canada,  gravity  stamps  appear  to  be  regarded  as  the  only 
feasible  crushing  machine.  The  trend  of  the  time,  however,  is 
towards  discarding  stamps  on  the  grounds  of  expense  and  trouble 
of  operation.  The  writer  believes  that,  in  general,  other  crushing 
systems  are  more  economical  and  more  satisfactory.  Even  in 
South  Africa,  where  the  heavy  stamp  finds  its  chief  advocates, 
some  metallurgists  are  earnestly  recommending  a  change. 
Either  rolls  or  Chilean  mills,  or  a  combination  of  both  will  be 
found,  it  is  believed,  to  have  advantages  over  stamps.  It  is 
to  be  hoped  that  in  the  near  future  some  experiments  ma\-  be 
made  that  will  determine  finalK'  this  point. 


THE   BRITISH  COLUMBIA  COPPER  COMPANY'S 
SMELTING  WORKS  AT  GREENWOOD,   B.C. 

By  W.  L.  Bell,  Greenwood,  B.C. 
(Semi- Annual  Meeting,  Vicloria.  B.C..  igi2) 

The  ore  treated  at  the  British  Columbia  Copper  Company's 
smelter  is  obtained  principally  from  the  company's  Mother 
Lode  mine,  and  from  the  Rawhide  mine  near  Phoenix,  British 
Columbia.  Other  sources  of  ore  supply  are  the  Lone  Star  mine, 
situated  just  across  the  International  Boundary,  and  the  Napo- 
leon mine  at  Boyds,  Washington,  both  owned  by  the  company. 
Custom  ores  are  smelted  in  small  amounts.  Approximate 
analyses  of  ores  are  as  follows: 

Mine.  Silica.       Lime.        Iron.    Alumina.  Sulphur. 

*Mother  Lode. .  .  .     38.0         22.0         12,0  6.0  2.0 

Rawhide 36.0         19.0         11.0  .  3.0 

Napoleon 30.0  7.0         33.0  11.0 

Lone  Star 65.0  4.0  1.5  0.5 

All  ore  as  received  is  weighed  by  100-ton  self-registering, 
track  scales  and  is  either  dumped  directly  into  the  furnace  bins 
or  delivered,  by  a  spur  on  a  higher  level,  to  the  sample  mill. 

Above  the  sample  mill  the  ore  is  dumped  into  bins,  having  a 
capacity  of  2000  tons;  from  these  it  is  drawn  to  a  24  by  36-in. 
jaw  crusher,  driven  through  a  counter  shaft  by  a  100-h;p.,  2200- 
volt  induction  motor. 

The  crushed  ore  is  delivered  to  a  30-in  .belt  conveyor,  225  ft. 
long.  This  leads  to  the  sample  mill  proper  and  delivers  Rawhide 
and  Mother  Lode  ore  to  the  first  sampler,  which  takes  11.5  per 
cent,  of  the  stream  for  further  sampling.  The  reject  passes  to  a 
26-in  conveyor,  116  ft.  in  length,  and  is  delivered  to  a  standard 
50-ton  dump  car,  which  is  switched  to  the  smelter  bins  proper. 
The  11.5  per  cent,  cut  above  referred  to,  passes  through  No. 5 
No.  2  and  No.  0  gyratory  crushers  and  a  set  of  rolls,  a  20  per 
cent,  cut  being  taken  after  each  crushing,  the  reject  in  each  case 

*  During  the  year  1912  the  average  metallic  contents  of  Mother  Lode 
ore  was:  Copper,  1  per  cent.;  gold,  .034  ounces:  and  silver,  .17  ounces. 
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passing  to  bins  from  which  it  goes  to  a  24-in.  conveyor  delivering 
to  the  dump  car.  The  final  sample  is  cut  down  and  passed 
through  a  sample  grinder  for  the  bucking  room.  With  custom 
ores  the  first  11.5  per  cent,  cut  is  omitted  and  the  entire  stream  is 
delivered  to  the  No.  5  gyratory  crusher  and  a  20  per  cent,  cut 
taken. 

The  mill  is  driven  by  a  100-h.p.,  550-volt  induction  motor 
and  the  two  reject  conveyors  by  15-h.p.  and  10-h.p.,  550-volt 
motors.     In  the  bucking  room  a  5-h.p.  motor  is  in  use. 

The  smelter  bunkers  consist  of  twenty  pockets  each  of  which 
has  a  capacity  of  600  tons  of  ore,  while  there  are  ten  pockets 
each  holding  175  tons  of  coke.  There  is,  in  addition,  a  600-ton 
coke  bin.  These  are  served  by  four  railway  tracks,  and  ore  and 
coke  are  drawn  from  them  into  trains  running  on  four  tracks  on 
the  feed-floor  level.  The  bins  and  furnaces  are  on  opposite  sides 
of  an  oval,  with  switches  so  arranged  that  a  charge  train  from 
any  bin  may  be  run  to  either  side  of  any  furnace. 

Three  charge  trains  are  operated,  two  of  8  cars  for  the  30-ft. 
furnaces,  and  one  of  6  cars  for  the  20-ft  furnace.  The  cars  are 
of  55  cu.  ft.  capacity,  half  the  train  being  loaded  with  ore  and  half 
with  coke.  The  cars  are  hauled  by  a  7^-ton  electric  locomotive. 
Each  train  of  6  or  8  cars  is  approximately  twice  the  length  of  the 
furnace  it  serves.  The  furnaces  are  fed  on  alternate  sides  by 
dumping  the  coke  and  ore  against  baffle  plates  so  hung  as  to  give 
proper  distribution  of  the  charge.  Each  ore  car  is  loaded  with 
5000  lbs.,  and  the  coke  cars  with  12  to  14  per  cent,  of  high  ash 
coke. 

There  are  two  furnaces  360  in.  by  51  in.  at  the  tuyeres  and 
one  240  in.  by  51  in.,  set  end  to  end,  and  each  equipped  with  a 
settler  20  ft.  by  10  ft.  by  4  ft.  8  in.,  so  that  two  of  the  furnaces 
can  be  run  from  either  end. 

The  dimensions  of  the  30-ft.  furnaces  are  as  follows: — 
Size,  51  in.  by  360  in. 
Hearth  area,,  127.5  sq.  ft. 
Centre  line  of  tuyeres  to  feed  floor,  16  ft.  or  192  in. 

tapping  floor,  5  ft.  3  in.  or  63  in. 
lower  edge  of  jackets,  37  in. 
Height  of  jackets.  Oft.  and  6  ft.  or  108  in.  and  72  in. 
Width  of  side  jackets,  40  in. 
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Width  of  end  jackets  at  bottom,  3  ft.  8  in. 

at  top,   6  ft.  2  in. 
No.  tuyeres,  72 
Diam.  tuyeres,  4  in. 
Centre  line  to  centre  line  tuyeres,  9^  in. 
Area  tuyeres,  904.8  sq.  in. 

Sq.  in.  tuyere  area  per  sq.   ft.  hearth  area,  7.U9G 
Water  space  in  jacket,   4  in. 
Plate  used,  inside,  f  in. 
outside,  f  in. 

All  the  furnaces  were  originally  240  by  48  in.  but  have  since 
been  widened  3  in.,  while  the  length  of  two  has  been  increased 
by  ten  feet. 

The  slag  and  matte  pass  through  a  jacketed  trapped  spout 
with  a  water-cooled  copper  lip.  Matte  is  tapped  into  ladles 
and  taken  directly  to  the  converters.  Slag  flows  into  pots  of 
25  tons  capacity.  The  pots  are  taken  to  the  dump  by  a  35-ton 
electric  locomotive  and  are  there  dumped  by  means  of  a  15-h.p. 
motor  on  the  pot  which  is  connected  to  the  locomotive  by 
"jumpers." 

The  slag  analysis  approximates  the  following: 

SiO,,  FcO  CaO  A1.,0;, 

43  to  46  19  to  28  21  to  28  9 

An   average   slag   is: 

SiO,  FeC)  CaO  .AI^O;. 

4.')  22  22  9 

Blast  at  16  to  24  oz.,  depending  on  furnace  conditions,  is 
supplied  by  three  No.  10  Root  blowers,  each  having  a  capacity 
of  300  cu.  ft.  per  revolution  working  at  88  r.  p.  M.,  and  belted 
to  a  300-h.p.,  2200-volt  induction  motor.  Each  furnace  is 
connected  to  its  own  blower,  although  any  furnace  ma>'  be  run 
from  any  blower  through  a  manifold  connection. 

Furnace  doors  are  manipulated  by  compressed  air  at  85  lbs. 
pressure,  which  is  furnished  by  a  two-stage  duplex  compressor 
belted  to  a  50-h.p.,  550-volt  motor.  The  slag  locomotives, 
charge-train  motors,  and  crane  are  operated  by  250-volt  direct 
current  supplied  by  two  motor-generator  sets  operating  in 
parallel.     These  also  furnish  current  for  an  arc  used  in  opening 
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frozen  tap  holes  and  furnace  connections.  Jacket  water  is 
returned  to  a  cooling  pond  from  which  it  is  pumped  to  tanks. 
Additional  water  supply  is  pumped  from  a  nearby  creek. 

It  is  desired  to  make  a  matte  of  about  35  per  cent,  grade. 
This  is  converted  in  two  stands  of  hydraulically-tilted  converters 
with  7  shells,  each  84  by  126  in.  The  converters  are  lined  with 
silicious  ores  from  Republic,  Washington,  or  from  the  Snowstorm 
mine,  Idaho. 

A  Nordberg  blowing  engine,  connected  by  rope  drive  to  a  300- 
h.p.  2200-volt  motor  furnishes  air  for  the  converters  at  from  8  to 
10  lbs.  pressure.  Clay  and  silica  for  lining  the  converters  are 
mixed  in  a  6  ft.  mill  belted  to  a  40-h.p.  motor.  Compressed  air 
is  used  for  tamping. 

Two  charges  of  blister  copper  are  made  from  each  lining. 
The  converter  slag  is  poured  into  beds  for  cooling  and  is  then 
lifted  by  crane  to  a  grizzly  placed  on  top  of  a  railway  dump  car 
where  it  is  broken  by  hand  before  being  switched  to  the  ore 
bins  for  re-smelting.  A  40-ton  crane  serves  the  converter 
building. 

The  flue  dust  is  briquetted  in  a  mill  driven  by  a  40-h.p. 
motor.  The  dust  is  drawn  from  an  expansion  chamber  of  550 
sq.  ft.  section,  which  leads  into  a  flue  of  180  sq.  ft.  section,  and 
thence  to  a  stack  121  by  12  ft.,  rising  197  ft.  above  the  feed  floor. 
No  binder  is  added  to  the  dust,  which  amounts  to  about  one  per 
cent  of  the  furnace  charge. 

In  operating  the  furnaces  Mother  Lode  and  Rawhide  ores 
are  charged  in  approximately  equal  parts  and  Napoleon  ore  is 
added  to  the  charge  as  required  to  regulate  the  grade  of  matte. 
The  low  matte-fall  together  with  the  sudden  and  considerable 
changes  in  the  ore  analysis  and  the  presence  of  magnetite  in 
considerable  but  varying  quantities,  necessitates  careful  observa- 
tion  of  furnace  conditions. 

Under  normal  conditions  about  2100  tons  of  ore  are  smelted 
daily.  This,  with  340  sq.  ft.  hearth  area,  gives  a  duty  of  6.176 
sq.  ft  hearth  area  per  ton  per  24  hours.  With  favourable  anal- 
yses and  furnace  conditions,  a  duty  of  7.5  tons  per  24  hours 
has  been  attained. 


THE  COPPER  SMELTING  DEPARTMENT  OF  THE 

CONSOLIDATED  MINING  AND  SxMELTING  COMPANY 

OF  CANADA,   LIMITED  AT  TRAIL,   BRITISH 

COLUMBIA 

By  James  Buchanan,  Trail,   B.C. 

{Scmi-Anntial  Meeting,  I'lcluria,  />. C,  /gij;) 

The  ore  treated  in  the  ConsoHdated  Mining  and  Smelting 
Company's  blast  furnaces  at  Trail,  B.C.,  is  chiefly  from  the 
company's  mines  at  Rossland,  British  Columbia.  The  following 
is  an  approximate  analysis  of  this  ore:* 


Fe 

SiO,, 

CaO 

Al.,0, 

S 

AlgO 

17.0 

44.0 

5.0 

15.5 

8.0 

3.5 

On  delivery  at  the  smelter  the  ore  is  first  weighed  over  a 
Fairbanks  100-ton  recording  scale  and  then  dumped  into  the 
bunkers  of  the  copper-sampling  mill. 

SAMPLING 

The  bunkers  have  a  capacity  of  1700  tons,  three  of  them 
deli\-ering  direct,  and  the  others  by  means  of  a  36-in.  pan  con- 
veyor (driven  by  a  20-h.p.  induction  motor),  to  a  No.  8  McCully 
crusher.  From  the  crusher  the  ore  is  elevated  by  a  33-in. 
manganese-steel  link-belt  bucket  elevator  and  discharged  over 
a  76-in.  Vezin  sampler  which  cuts  out  10  per  cent,  of  the  whole, 
the  reject  going  to  the  mill  bins  and  the  sample  through  a  No.  4 
McCully  crusher  over  a  48-in.  Vezin  sampler  where  a  20  per 
cent,  cut  is  taken.  This  is  crushed  in  a  7  by  10  Blake  crusher, 
which  delivers  to  a  9-in.  bucket-elevator  discharging  over  a  36-in. 
Vezin  sampler,  the  latter  cutting  out  25  per  cent,  to  14  by  30 
rolls;  then  over  another  36-in.  Vezin  sampler,  which  cuts  10 
per  cent,  to  14  by  24  rolls.  The  sample  is  then  passed  through  a 
9  by  20  sample-grinder,  cut  down  by  Jones  riffles,  and  sent  to 
the  bucking  room. 

*  Kditor's  Note.     This  ore  contains  about  1%  Copper,  with  .$9  to  $12  in 
^old. — ".Mineral  Industry,"  xix,  p.  202. 

l.JO 
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The  No.  8  McCully  crusher  is  driven  by  100-h.p.  motor,  and 
the  other  mill  machinery  by  a  50-h.p.  motor. 

PRACTICE 

Ore  is  hauled  in  trains  from  the  sample  mill  by  a  Jeffrey 
electric  trolley  locomotive  and  dumped  into  the  furnace  charge 
bins.  It  is  smelted  with  30  per  cent,  of  its  weight  of  limestone 
and  16  per  cent,  of  Crowsnest  coke. 

For  each  furnace  there  is  a  Jeffrey  locomotive,  which  brings 
in  the  charge  train.  This  consists  of  three  cars  of  ore  (3000  lb. 
ore  to  the  charge),  one  of  lime-rock,  and  one  of  coke.  To  charge 
the  furnace,  the  feeder  tilts  one  car  at  a  time  on  to  the  feed  plate 
and  the  locomotive  pulls  the  car  the  entire  length  of  the  furnace 
as  the  contents  run  out,  thereby  obtaining  an  even  distribution 
of  the  charge.  Matte  from  this  charge  assays  from  5  to  10  per 
cent,  copper. 

About  the  beginning  of  February  of  the  present  year  (1912), 
experiments  were  initiated  of  smelting  this  raw  matte  pyritical- 
ly,  with  a  view  to  replacing  the  former  more  expensive  method 
of  roasting  and  sintering,  but  without,  if  possible,  any  material 
alteration  of  the  furnaces  already  installed. 

The  smallest  furnace,  42  by  240-in.,  was  blown  in  on  a 
charge  consisting  of  matte  2500  lbs.,  siliceous  ore  1500  lbs.,  lime- 
rock  12  per  cent,  and  coke  3  per  cent.  The  furnace  was  blown 
out  after  having  been  in  blast  12  hours,  as  it  ran  so  fast  that  the 
matte-tappers  could  not  keep  the  matte  down  in  the  settlers.  It 
was  decided  to  cut  the  furnace  in  two;  and  this  was  accordingly 
done,  making  the  area  at  the  tuyere 42  by  120  inches.*  The  furnace 
thus  reduced  in  area  was  then  blown  in  on  the  same  charge,  the 
coke  being  shovelled  in  and  the  remainder  of  the  charge  dumped 
from  the  side  and  distributed  along  the  furnace  by  the  loco- 
motive in  the  same  manner  as  for  the  ore  furnaces.  The  matte 
used  on  the  charge  was  coarse,  about  6  in.  size  while  the  siliceous 
ore  available  was  very  fine,  50  per  cent,  passing  through  a  ^-in. 
screen. 


*This  furnace   has   been    increased  to  42"  X  202"    with    proportionate 
increase  in  weight  of  charge. 
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The  furnace  ran  on  this  charge  for  two  days,  but  in  conse- 
quence of  the  looseness  and  shallow  depth  of  the  charge,  never 
became  properly  heated.  The  next  run  was  tried  with  a  heavier 
charge  and  with  matte  crushed  to  2  in.  si^e.  While  this  was  pro- 
ductive of  better  results,  the  sides  of  the  furnace  crusted  rapidly 
owing  to  the  fine  nature  of  the  siliceous  ore.  After  several 
attempts  had  been  made  with  long-nosed  cars  and  distributing 
plates  to  get  the  charge  into  the  centre  of  the  furnace,  it  was 
decided  to  take  the  ends  out  of  the  hood  and  feed  the  furnace 
along  the  centre  with  bottom  dump  cars.  This  method  proved 
successful. 

Two  charge  cars  are  used  and  the  charge  of  4200  lbs.  matte, 
2000  lbs.  siliceous  ore,  13.5  per  cent,  lime-rock,  and  4  per  cent. 
coke  is  divided  equally  between  the  two. 

The  coke  is  fed  along  the  feed  plate  in  a  similar  manner  to 
the  ore  furnaces  one  half  of  coke  charge  to  each  side  of  the  fur- 
nace and  the  balance  of  the  charge  is  weighed  in  the  cars,  matte 
being  placed  first  in  the  car,  then  ore,  .with  the  lime-rock  on 
top.  If  the  furnace  shows  signs  of  crusting,  the  matte  is  placed 
on  top  of  the  ore  for  a  time,  thereby  throwing  more  matte  along 
the  sides  of  the  furnace,  which,  invariably  has  the  desired  effect 
of  cutting  out  the  crust. 

The  matte  is  concentrated  tsvice  in  this  furnace,  the  first 
concentration  running  from  15  to  20  per  cent.  Cu.,  equivalent  to 
from  2.5  to  3  into  1.  This  matte  is  returned  to  the  furnace  and 
smelted  with  sufficient  low-grade  matte  to  maintain  the  grade 
in  the  neighbourhood  of  40  per  cent.  Cu.  for  the  second  con- 
centration. All  the  matte  is  tapped  into  1^-ton  Kilker  matte- 
cars  (five  of  which  are  used),  cooled,  and  hauled  by  electric 
trolley  locomotive  to  the  crushing  plant. 

The  pans  of  the  matte-car  dump  directly  into  a  10  by  20-in. 
jaw  crusher  on  to  a  pan  conveyor  which  discharges  into  three  iron 
bins,  whence  the  matte  is  drawn  into  V-shaped  cars  and  hauled 
to  the  charge  bins  or  shipped  to  Tacoma,  according  to  its  grade. 

The  slag  from  the  ore  furnaces  assays  approximately: — 

_   FeO  SiO^     _         CaO MgO A1,0:,  S 

14.5  to  16.0  40.0  to  47;0  18.0  to  22.0  1.5  to  3.0   14.0  to  16.5       Trace 

and  slag  from  p\ritic  furnace  assays  approximately: — 
FeO  SiO.,         CaO 

45.0  to  50.0  35.0  12.0 
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The  slag  from  the  ore  furnaces  is  granulated  and  sluiced  to 
the  dump,  and  slag  from  the  pyritic  furnace  is  caught  in  pots  and 
used  as  a  fiux  in  the  lead  furnace. 

blast  furnace  plant 

The  furnace  building  is  of  steel,  70  by  263  ft.     In  it  there  are 
five  blast  furnaces  of  the  following  dimensions  and  capacity: 
Dimensions.  Capacity. 

Two  300  by    42  in.  at  the  tuyeres;      400  tons  daily; 

One  264    "     42 350     " 

One     42    "   420   "      "     "        "  550    " 

One     42     "   202   "      "     "       "  pyritic  furnace. 

The  principal  dimensions  of  the  42  by  300-in.  furnaces  are: 
Size  42  by  300  in. 
Hearth  area  87.5  sq.  ft. 
Centre  of  tuyeres  to  feed  floor  102  in. 

"  tapping  floor  66  in. 

Height  of  jackets  90  in.  plus  37  in. 
Centre  of  tuyeres  to  lower  line  of  bosh  10  in. 
"  upper  "  56  in. 

"  lower  edge  of  jacket  34  in. 

Bosh  10  inches. 

Width  lower  side  jackets  60  in. 
"  end  jackets  57  in. 

Number  of  tuyeres,  40. 
Diameter  of  tuyeres,  6  in.  in  the  jacket. 
Distance  centre  to  centre  of  tuyeres,  15  in. 
Area  tuyeres  in  sq.  in.  554  (inside  bushing). 
Sq.  in.  tuyere  opening  per  sq.  ft.  hearth  area  6.37  in. 
Water  space  in  jackets  4 4   in. 
Plate  used  f  in.  inside,  \  in.  outside. 
Each  furnace  is  fitted  with  a  water-jacketed  iron  trap  spout 
and  has  two  water-jacketed  settlers.     The  trap  spout  is  made  of 
l-ln.   plate  and  the  nose  of  the  spout  is  protected  by  a  water- 
cooled  copper  pipe. 

Blast  delivered  to  furnaces  at  32  to  34  oz.  pressure  is  sup- 
plied by  six  blowers  as  follows: — 


160       Copper  Smelting  at  Trail,  B.C. — Buchanan. 

Displacement.  R.P.M. 
One  No.  11  Root  300  cu.  ft.  110  driven  by  two  200-h.p.  motors 


9i  ' 

'  200  " 

"  120   "   ' 

'   one  300-h.p.  motor 

9   ' 

'  125  " 

«   J3Q    ..     , 

u   ..   200   "   " 

8   ' 

'  111  " 

"  124   "   ' 

"   "   150   "   " 

Connersville  200  "  "     120       "       "     two  150-h.p.  motors 

Flue  dust  is  collected  in  a  20  by  10  ft.  brick  flue,  750  ft.  long, 

and  is  briquetted  in  a  Chisholm,  Boyd  &  White  disc  briquetting 

machine,  using  5  per  cent,  of  lime  as  a  binder,  the  briquettes  being 

returned  and  smelted  in  the  low-grade  furnaces. 


THE  TREATMENT  OF  GOLD  ORE  AT  THE  DOME 
MINE,  SOUTH  PORCUPINE. 

By  D.  L.  H.  Forbes,  Toronto.  Ont. 
{Ainiiial  Mi'ctini;,  Oltmca,  1913) 

Late  in  the  Fall  of  1910  it  was  decided  to  erect  a  mill  at 
the  Dome  Mine.  The  Porcupine  branch  of  the  Temiskaming 
&  Northern  Ontario  Railway  had  not  then  been  built,  so  that 
supplies  and  machinery  had  to  be  transported  in  winter  over 
rough  roads  from  Kelso.  It  was  a  matter  of  the  utmost  im- 
portance to  the  Dome  Company  that  the  mill  should  be  designed, 
without  delay,  to  insure  that  all  material  and  machinery  for 
construction  could  be  ordered  in  time  to  reach  Kelso  before  the 
breaking  up  of  the  winter  roads.  Two  separate  samples  of  Dome 
ore  were  sent  to  San  Francisco  for  testing;  but,  as  these  sarnples 
were  taken  from  the  mine  in  its  early  stages  of  development 
and  differed  considerably  in  value,  the  design  of  the  mill  had 
to  be  of  the  most  flexible  nature,  to  provide  for  a  high  extraction 
even  if  future  development  of  the  mine  should  disclose  ore  of 
different  character  to  that  tested. 

It  was  originally  planned  that  the  building  should  be  a 
wooden  structure,  but  after  the  disastrous  fire  in  the  summer 
of  1911,  when  the  work  of  construction  was  already  well  under 
way,  a  change  was  made  to  steel  construction,  thus  ensuring 
a  fire-proof  building. 

In  spite  of  delay  caused  by  the  fire,  the  mill  was  com- 
pleted in  record  time  and  placed  in  operation  on  March  22nd, 
1912.  Acting  for  the  Merrill  Metallurgical  Company,  Mr. 
Henry  Hanson  supervised  the  installation.  To  his  energ\^ 
and  ability  in  o\ercoming  the  many  obstacles  incidental  to 
construction  work  in  a  new  mining  camp,  the  success  achieved 
weis,  in  a  large  measure  due. 

The  Dome  ore  consists  of  quartz  and  schisted  slate  that  has 
been  sheared  and  metamorphozed  to  such  an  extent  as  to  be 
scarcely  distinguishable,  except  in  toughness,  from  the  darker 


162  Treatment  at  the  Dome  Mine — Forbes. 

coloured  schists  of  the  Pearl  Lake  section  of  the  district.  Both 
the  quartz  and  the  slate  have  been  heavily  mineralized  with  pyrite 
so  that  the  ore  is  heavier  than  most  quartz  gold  ores,  its  specific 
gravity  averaging  about  2.8.  The  ore  is  reduced  under  stamps 
and  in  tube  mills  to  a  granular  slime  with  the  production  of  rela- 
tively only  a  small  proportion  of  colloids,  giving  a  material  that 
is  almost  ideal  for  settling  and  pressure  filtration  in  the  cyaniding 
part  of  the  treatment.  While  some  of  the  gold  is  coarse,  no 
large  nuggets  have  been  found  in  the  mortars  of  the  stamp 
batteries,  and,  in  general,  a  considerable  proportion  of  the  gold 
occurs  in  such  fine  particles  that  tube  mill  grinding  is  necessary 
for  its  liberation  preparatory  to  either  plate  amalgamation  or 
cyanide  treatment. 

In  order  to  be  prepared  for  an  acid  ore  which  might  come 
from  the  lower  workings  of  the  mine,  as  well  as  to  insure  efficient 
amalgamation,  with  the  consequent  quick  and  complete  cya- 
nidation  of  the  amalgamation  tailings,  it  was  decided  to  crush 
and  amalgamate  in  water.  This  provides  against  an  excessive 
consumption  of  cyanide  in  the  cyanide  treatment,  and  also 
safeguards  against  losses  due  to  the  presence  of  coarse  gold. 

The  mill  as  first  designed  was  considered  a  testing  unit 
of  a  daily  capacity  of  350  tons  to  prove  the  economic  value 
of  the  ore  in  the  mine,  and  to  indicate  the  best  metallurgical 
treatment  for  future  adoption,  when  additions  to  the  milling 
plant  would  be  required.  Regarded  as  a  large  experimental 
mill  for  Porcupine  ores,  the  results  of  the  operations  to  date  are 
interesting.  It  is  the  purpose  of  this  paper  to  present  a  general 
outline  of  the  plant,  and  to  refer  to  the  results  of  its  operations 
from  the  technical  rather  than  from  the  economic  aspect,  as 
many  factors,  such  as  power,  water  supply,  and  ore  tonnage, 
which  affect  operating  costs,  have  been  of  a  temporary  nature; 
hence  costs  based  on  such  conditions  might  be  misleading. 

Crushing. 

Preliminary  crushing  of  the  ore  is  done  in  Kennedy  gyratory 
breakers.  The  open  cut  system  of  mining  produces  much  ore 
that  is  over  thirty  inches  in  size.     To  handle  such  large  lumps  of 
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ore  a  crusher  with  a  wide  jaw  opening  is  required.  A  No.  7^ 
breaker  takes  the  ore  dropped  from  the  mine  cars  and  crushes  it 
through  an  opening  of  about  6  inches.  The  broken  ore  is  then 
elevated  by  a  belt  conveyor  and  screened  over  a  grizziey  having 
1|  inch  openings,  from  which  the  oversize  goes  to  two  No.  3 
crushers.  The  secondary  crushers  reduce  the  ore  to  a  size  of  1| 
inches,  dropping  it  on  a  second  incHned  belt  conveyor,  where  it 
joins  the  undersize  from  the  grizziey  and  is  delivered  to  the  stamp 
mill  bin.  The  crusher  plant  and  conveyors  are  housed  in  a 
wooden  building,  which  is  divided  from  the  main  steel  building 
of  the  mill  by  a  fire-proof  door  and  partition.  The  ore  is  dis- 
tributed along  the  top  of  the  battery  bin  by  means  of  a  third 
belt  conveyor,  provided  with  an  automatic  tripper.  The  battery 
bin  is  of  steel  construction  throughout,  is  flat-bottomed  and  has 
a  capacity  of  about  1600  tons. 

Stamp  Milling. 

From  the  bin  the  ore  is  fed  to  foifr  ten-stamp  batteries 
by  means  of  suspended  Challenge  feeders.  The  stamps  weigh 
1250  pounds.  There  are  independent  battery  line  shafts  behind 
the  stamps,  one  for  each  20  stamps  driven  by  a  75  h.p.  motor 
placed  behind  the  ore  bin  on  the  ground  level.  The  stamps 
make  one  hundred  and  two  6^-inch  drops  per  minute,  and  crush 
through  ten-mesh,  rolled,  slotted,  wire  screens.  Several  screens 
of  different  mesh  have  been  used  since  the  plant  was  started. 
The  following  table  gives  the  average  results  in  stamp  duty  and 
size  of  product  when  using  the  various  mesh  sizes: — 

Effect  of  Screen  Opening  on  Stamp  Duty  and  Product. 


Battery 

Stamp 

Duty. 

Tons  per 

Stamp  per 

Day. 

Screen  Tests  on  Battery  Discharge. 

Screen  Used. 

On 
60-mesh 

% 

On 
100-mesh 

% 

On 
200- mesh 

% 

Through 
200-mesh 

% 

16-mesh 
14-mesh 
12-mesh 
10-mesh 

6.8 
7.9 
9.0 
9.6 

41.6 
62.0 
64.0 
59.0 

8.8 

6.4 

7.0 

15.0 

10.4 
6.8 
6.0 
7.0 

38.8 
24.8 
22.8 
19.0 
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Crushing  through  10-mesh  screens  the  stamps  give  the 
most  economical  results.  About  7.5  tons  of  water  are  fed  to 
the  batteries  for  every  ton  of  ore  stamped. 

When  the  mill  was  started  there  were  eight  primary  amal- 
gamating plates,  one  in  front  of  every  five  stamps,  each  being 
54"  X  144"  in  size  with  a  slope  of  1^  inches  per  foot.  It  was 
found  when  the  pulp  was  passing  through  16-mesh  screens 
the  primary  plates  caught  more  gold  than  the  secondary  ones, 
which  follow  the  tube  mills.  With  14-mesh  screens  the  amount 
of  gold  caught  on  the  primary  plates  was  only  slightly  greater 
than  that  caught  on  the  others,  while  with  12-mcsh  screens, 
the  secondary  plates  recovered  more  of  the  gold  than  the  primary 
plates.  When  10-mesh  screens  are  used,  the  primary  plates 
recover  very  little  gold  and  are  difficult  to  keep  properly  dressed, 
owing  to  the  scouring  action  of  the  coarse  sand,  hence  the  prim- 
ary plates  were  removed  after  it  was  decided  to  aim  at  large 
crushing  capacity  per  stamp. 

The  relation  of  the  mesh  of  the  screens  used  on  the  batteries 
to  the  recovery  by  amalgamation  was   found    to   be   about  as 

follows: 

Per  Cent. 
Using  IG-mesh  screens,  the  total  recovery  by  amalgamation  was  78 
"      14-mcsh         "  "  "  "  7o 

"       r2-mesh         "  "  "  "  55 

•'       10-mesh         "  ."  "  "         46  to  50 

At  the  time  when  the  highest  recovery  by  amalgamation 
was  obtained  the  stamps  were  giving  a  duty  of  only  G.8  tons 
per  day,  and  the  slime  treated  by  the  secondary  plates  was  of 
such  a  fineness  that  85  per  cent,  would  pass  a  200-mesh  .screen. 

The  lowest  recoveries  by  amalgamation  were  noted  over 
periods  in  which  the  stamp  duty  was  at  a  maximum,  and 
only  65  per  cent,  of  the  slime  treated  on  the  secondary  plates 
would  pass  a  200-mesh  screen. 

Classific.vtion  and  Tt  be  Milling, 

The  pulp  discharged  from  the  batteries  goes  to  four  duplex 
IX)rr  classifiers,  the  sand  product  of  which  passes  to  four  5'  x  22' 
tube  mills.     The  slime  product  of  the  classifiers  is  carried  over 
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four  secondary  amalgamating  plates,  one  for  each  classifier. 
These  plates  are  108"  x  144''  in  size  and  have  a  slope  of  about 
1^  inches  per  foot.  After  leaving  the  plates,  the  slime  is  passed 
through  sets  of  Merrill  concentrating  cones  which  trap  the  coarse 
concentrate  and  any  amalgam  or  coarse  gold  that  may  have 
escaped  from  the  secondary  plates,  the  coarse  concentrate  is 
then  returned  to  the  tube  mills. 

The  tube  mills  arc  run  at  2G  to  28  r.p.m.  by  slipring  motors 
coupled  direct  to  the  tube  mill  pinion  shafts.  Each  mill  takes 
approximately  70  h.p.  The  linings  used  are  of  the  El  Oro  type 
made  of  chilled  cast  iron.  The  discharge  of  each  tube  mill 
is  elevated,  and  returned  to  the  corresponding  classifier  on  the 
floor  above  it  by  means  of  an  8"  x  40"  Frcnier  sand  pump. 
When  the  fineness  of  the  slime  is  such  that  seventy-five  per  cent, 
will  pass  a  200-mcsh  screen,  it  has  been  found  that  the  most 
economical  results  are  obtained  taking  into  consideration  both 
the  total  recovery  of  the  gold  and  the  milling  cost  per  ton  of  ore 
treated. 

The  slime  is  at  a  dilution  of  about  10  tons  of  water  to  one 
ton  of  solids.  The  water  is  removed  as  completely  as  prac- 
icable  by  settling  the  slime  in  three  30'  by  10'  Dorr  thickeners, 
before  cyanide  treatment  is  commenced.  The  thickened  slime 
discharged  from  these  tanks  contains  about  44%  of  moisture. 
The  overflow  from  the  thickeners  is  usually  quite  clear,  and  is 
collected  in  20'  x  10'  storage  tanks,  from  which  it  is  repumped 
to  the  tank  above  the  batteries  by  a  triplex  plunger  pump. 

Lime  is  added  to  the  battery  water  circuit  in  sufficient  quan- 
tities to  give  good  settling  results  in  the  thickeners,  and  also 
to  neutralize  any  latent  acidity  in  the  ore.  The  total  consump- 
tion of  lime  averages  about  3.2  pounds  per  ton  of  ore,  and,  of 
this  quantity,  the  larger  proportion  is  used  in  the  battery  cir- 
cuit. 

As  might  be  expected,  a  certain  amount  of  coarse  gold 
collects  with  concentrate  on  the  classifier  bottoms  and  remains 
in  the  tube  mill  circuit  until  ground  fine  enough  to  overflow 
with  the  slime  over  the  secondary  amalgamating  plates.  These 
plates,  under  present  practice  (January,  1913),  recover  from 
46%  to  50%   of    the    total    gold    in    the   ore.     The  squeezed 
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amalgam  taken  from  these  plates  carries  about  $5 .  50  in  gold  per 
ounce.  The  consumption  of  mercury  varies  from  0 . 9  ounces  to 
1.6  ounces  per  ton  of  ore  treated. 

Cyanide  Treatment. 

The  slime  discharged  from  the  Dorr  thickeners  is  ready  for 
cyaniding  and  is  elevated  to  the  treatment  tanks  by  a  duplex 
set  of  16-inch  bucket  elevators  which  are  70  feet  in  height 
between  the  centers  of  the  pulleys.  Cakes  of  potassium  cyanide 
are  dissolved  by  the  pulp  as  it  enters  the  bottom  of  the  elevators 
and  sufficient  cyanide  is  added  to  give  a  treatment  solution  of 
about  1  pound  KCN  per  ton.  The  average  consumption  of 
cyanide  varies  from  month  to  month  between  the  limits  of  0.8 
lb.  to  1.1  lb.  KCN  per  ton  of  ore  treated.  The  greater  part 
of  this  consumption  is  the  mechanical  loss  due  to  displacement 
of  weak  solution  by  the  water  coming  in  with  the  slime  from  the 
thickeners. 

The  method  of  treatment  in  use  is  that  of  air  agitation 
by  the  continuous  Pachuca  tank  system.  There  are  four  tanks, 
8  feet  in  diameter  by  40  feet  in  height.  The  air  for  agitating 
the  slime  in  these  tanks  is  compressed  to  20  pounds  per  square 
inch  at  the  receiver  by  a  14"  x  16"  single  stage,  belt  driven, 
Rand  compressor  which  is  driven  at  about  240  r.p.m. 

From  the  final  treatment  tank,  the  slime  is  run  to  a  storage 
tank  in  which  it  is  mechanically  agitated  and  drawn  off  intermit- 
tently to  the  filter  presses. 

Filtration. 

Two  Merrill  slime  filter  presses,  each  having  75  4-inch 
frames  filter  the  treated  slime.  At  each  charging  of  a  press 
about  20  tons  of  slime  is  drawn  from  the  storage  tanks  at  a  dilu- 
tion of  1  to  1,  the  filling  of  the  presses  occupying  from  22  to  30 
minutes,  until  the  four-inch  frames  are  filled  with  solid  cakes 
of  slime  at  a  final  pressure  of  20  pounds  per  square  inch.  Precip- 
itated solution  is  then  forced  through  the  cakes  of  slime  for  wash- 
ing out  the  dissolved  gold  remaining  in  the  cakes.  During 
this  washing  period  it  has  been  noticed  that  a  perceptible  ex- 
traction of  undissolved   gold   takes   place.     The   time   allowed 
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for  washing  is  determined  by  the  operators  who  measure  the  rate 
of  the  sohition  passing  through  the  presses,  so  that  approximate- 
ly one  ton  of  wash  solution  will  be  passed  for  every  ton  of  dry  sHme 
in  the  charge.  After  washing  is  complete,  the  discharge  valves 
are  opened,  and  then  the  mechanism  for  sluicing  out  the  residues 
is  started.  The  time  required  for  discharging  a  press  is  usually 
about  50  minutes.  The  residues  discharged  from  the  filter 
presses  with  the  sluicing  water  are  collected  in  two  25'  x  10' 
Dorr  slime  thickening  tanks,  in  which  the  excess  water  used  for 
sluicing  is  recovered  while  the  thickened  slime  residues,  at  a 
consistency  of  about  2  of  water  to  1  of  solids,  are  allowed  to  run 
out  to  waste. 

Precipitation. 

The  cyanide  solution  in  which  the  gold  has  been  dissolved 
flows  from  the  Merrill  slime  presses  in  so  clear  a  condition  that 
no  clarification  is  necessary  before  precipitation.  The  gold 
carried  by  this  pregnant  solution  varies  from  S2.50  to  S6.00  per 
ton  of  solution.  This  gold  is  precipitated  from  the  solution  and 
recovered  in  filter  presses  by  the  Merrill  zinc  dust  precipitation 
process.  An  emulsion  of  zinc  fume  and  cyanide  solution, 
prepared  in  a  miniature  tube  mill,  is  fed  in  definite  amount  at 
a  uniform  rate  to  the  pregnant  solution  at  the  suction  side  of  the 
Aldrich  triplex  plunger  pumps;  these  force  the  solution  through 
precipitation  presses  in  which  the  gold  is  trapped  in  the  form 
of  a  black  mud  that  has  a  value  of  about  $40.00  per  pound. 
Two  triangular  frame  52-inch  Merrill  precipitation  presses 
are  used.  One  has  twenty  frames  while  the  other  has  ten  frames, 
- — the  frames  of  both  presses  being  2  inches  in  thickness.  The 
cyanide  solution  flowing  from  the  presses  carries  from  a  trace 
to  8  cents  in  gold,  and  is  returned  to  the  top  of  the  mill  for  use 
in  washing  dissolved  gold  from  the  slime  filter  charges.  A  cer- 
tain amount  of  solution  has  to  be  run  out  to  waste  from  time  to 
time;  this  solution  is  carefully  precipitated  so  that  its  value  may 
not  exceed  3  cents  per  ton.  The  amount  of  this  solution  run  to 
waste  is  the  diff'erence  between  the  number  of  tons  of  water 
entering  the  system  at  the  treatment  tanks  with  the  unthickened 
slime,  and  the  number  of  tons  of  solution  retained  by  the  cakes 
of  treated  slime  that  are  discharged  from  the  filter  presses. 
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In  precipitating  gold  solutions  with  zinc  dust,  more  zinc 
is  used  immediately  after  the  clean-up  of  precipitate  from  a 
press  than  at  any  other  time,  regardless  of  the  grade  of  preg- 
nant solution  to  be  treated.  The  practice  at  the  Dome  Mill 
is  to  feed  the  zinc  dust  as  follows: — 

For  the  first  hour  after  a  clean-up,  f  lb.  per  ton  of  solution; 
for  balance  of  first  day  after  clean-up,  one-quarter  lb.  per  ton; 
for  second  day  after  clean-up,  1.5-lb.  per  ton  of  solution;  for  third 
day  and  until  following  clean-up,  1.6-lb.  per  ton  of  solution. 

The  average  consumption  of  zinc  per  ton  of  ore  treated  is 
about  0.37  lbs. 

Melting    Gold    Precipitate    and    Retorting    Amalgam. 

A  separate  building,  made  of  brick  and  situated  behind 
the  mill,  is  used  for  the  melting  room  and  assay  offices.  The 
melting  room  contains  an  amalgam  retort,  an  acid  treatment  tank, 
a  bricjuctting  press,  a  lead  smelting  furnace,  cupel  furnace,  a 
tilting  oil-fired  melting  furnace,  and  a  clean-uji  barrel  for  pulver- 
izing litharge  and  cupel  bottoms. 

The  gold  from  retorted  amalgam  is  melted  in  the  tilting 
furnace  into  bars  of  990  to  995  total  fineness,  890  of  which  is 
gold  and  about  100  siKer.  The  melting  of  retort  gold  is  done 
twice  every  month. 

The  precipitate,  after  being  acid-treated  to  remove  the 
large  excess  of  zinc,  is  dried  and  then  mixed  with  litharge,  borax 
cake,  and  a  small  amount  of  fuel  oil  for  l)inding  the  materials 
together  when  the  mixture  is  pressed  into  briquettes.  These 
briquettes  are  smelted  in  the  lead  furnace  and  the  resulting 
lead  cupelled.  The  slag,  which  assays  from  S40.00  to  $100.00 
to  the  ton,  is  re-melted  in  a  later  so-called  "scavenger"  run, 
together  with  cupel  crusts  and  scrap  metal,  during  which  the 
slag  tapped  from  the  furnace  carries  only  aI)out  -53.00  per  ton 
in  gold. 

The  cupel  is  oil-fired  and  has  a  Ixjltom  made  of  a  mixture 
of  one  part  Portland  cement  with  three  parts  crushed  lime- 
stone. The  operation  of  cupelling  is  carried  to  the  point  at  which 
about  25  one-thousandths  of  lead  still  remain  with  the  precious 
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metals.  At  tliis  [kjIiU  tlie  metal  is  brittle  \\hen  c(j1(1,  and  ma\' 
be  easil\-  broken  into  pieces  for  charging  the  tilting  furnace, 
which  melts  the  gold  into  bars  for  shipment.  If  cupelled  beyond 
this  point,  however,  the  gold  is  tough  and  has  to  be  divided  into 
sections  of  cori\enicnt  size,  while  molten,  by  means  of  iron 
di\'iding  strips. 

Without  treating  the  precipitate  b\'  suli)huric  acid  before 
smelting,  bullion  of  900  to  950  fineness  is  produced,  but,  as  the 
New  York  assay  office  objects  to  the  presence  of  even  40-lOOOths 
of  zinc  in  the  bullion,  the  acid  treatment  was  rendered  necessary 
and  it  is  found  that  its  cost  is  fully  offset  by  the  saving  in  fiuxes 
and  fuel,  while  the  fineness  of  the  bullion  can  be  raised  to  990. 

Sampli.\"(;  And  Wek^hing. 

Daily  samples  are  taken  in  the  mill  at  the  following  points: 
(1)  The  l)rokcn  ore  delivered  to  the  battery  bin;  (2)  the  pulp 
discharged  from  the  batteries  which  is  called  the  lip  sample; 
(3)  the  slime  leaving  the  amalgamation  plates  which  is  called 
"amalgamation  tailings"  sample;  (4)  the  residues  after  filter 
pressing;  (5)  the  sluicing  water  sent  to  waste  with  the  residues; 
(6)  the  pregnant  and  barren  solutions. 

The  average  assay  of  the  ore  delivered  to  the  mill  during  any 
month  s  calculated  by  dividing  the  sum  of  all  the  gold  recovered 
in  the  plant,  plus  the  gold  lost  in  residues  and  sluicing  water, 
by  the  tonnage  treated  during  the  month.  The  computed 
average  is  found  to  check  reasonably  well  with  the  average  of 
the  battery  lip  samples  but  is  usually  quite  at  \ariance  with  the 
average  of  the  broken  ore  samples. 

The  estimation  of  weight  is  calculated  each  day  from  a  series 
of  hourly  measurements  made  on  the  fiow  of  slime  from  the  tube 
mill  circuit  to  the  slime  thickening  tanks.  The  entire  flow  of 
slime  is  diverted  into  a  small  steel  measuring  tank.  The  time 
interval  is  taken  with  a  stop  watch;  the  volume  of  the  slime  col- 
lected during  this  period  is  accurately  measured  and  samples  are 
carefully  taken  for  the  determination  of  the  "solid  to  liquid  ratio" 
before  the  slime  has  had  any  chance  to  settle.  From  these 
determinations  a  calculation,  simplified  by  reduction  to  a  formula 
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in  which  the  constants  used  have  been  incorporated,  gives  the 
rate  of  flow  in  tons  of  dry  ore  per  day.  Since  this  measurement 
deals  with  the  tonnage  of  dilute  slime,  that  is  ten  times  the  ton- 
nage of  dry  ore  being  milled,  errors  of  measurement  are  divided 
by  ten  when  dry  ore  tonnage  is  deduced  from  it. 

It  may  seem  strange  that  after  a  careful  consideration 
of  the  different  methods  and  apparatus  for  weighing  ore,  such 
a  one  as  the  above  should  have  been  adopted  at  the  Dome. 
However,  a  little  consideration  of  the  conditions  here  shows 
how  unreliable  would  be  the  ordinary  methods  of  weighing. 
Ore  coming  from  the  open  cuts  and  delivered  in  cars  to  the 
crushing  plant  often  contains  from  5%  to  8%  of  moisture,  and 
car  weights,  even  when  corrected  for  moisture  by  taking  a  mois- 
ture sample,  would  be  only  as  accurate  as  the  number  of  tons 
of  water  estimated  to  be  with  the  ore,  while  it  is  almost  impOvSsible 
to  obtain  such  a  moisture  sample  with  any  degree  of  accuracy. 
The  same  objection  applies  to  the  continuous  automatic  weighing 
devices  of  the  Blake-Dennison  type,  in  which  a  further  source  of 
error  may  be  introduced  by  wet  ore  sticking  to  the  conveyor  belt. 
With  proper  care  at  each  observation,  the  time-volume,  specific- 
gravity  determination  of  weight  gives  results  in  which  the  prob- 
able error  is  less  than  would  occur  when  weighing  wet  ore,  on 
either  platform  or  belt  conveyor  scales,  in  cases  where  a  large 
correction  for  moisture  has  to  be  made. 

General  Conclusions. 

The  metallurgical  extraction  obtained  on  ore  of  |-ounce 
grade  is  found  to  be  over  95%  of  which  approximately  one- 
half  is  made  by  amalgamation  under  the  present  conditions 
of  tube  milling  and  stamping  through  ten-mesh  screens. 

Judged  by  the  experience  at  the  Dome  it  would  seem  that 
on  low  grade  Porcupine  gold  ore,  even  when  tube  mill  grinding 
follows  stamping,  the  recovery  by  amalgamation  alone  cannot 
be  carried  much  above  75  per  cent. 

The  cyanide  process  is  admirably  adapted  for  obtaining 
a  high  recovery  at  low  operating  cost.  It  still  remains  to  be 
determined,  however,  whether  or  not  the  cheaper  cost  of  oper- 
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ating  a  partial  sand-leaching  cyanide  plant  would  not  offset 
the  additional  extraction  obtained  by  reducing  all  of  the  ore 
to  slime  in  tube  mills,  and  then  filter-pressing  the  treated  slime 
so  produced.  Experiments  along  these  lines  are  now  being 
conducted  in  conjunction  with  experiments  to  determine  the 
feasibility  of  leaching  slime  in  the  Merrill  filter  presses,  as  is 
done  at  the  Homestake  mine  where  exceptionally  low-grade  ore 
can  be  profitably  treated,  by  reason  of  the  cheapness  of  operation 
and  the  high  recovery  obtained. 


Discussion. 


Mr.  H.  a.  Megraw:  (Communication  to  the  Secretary): — 
Mr.  D.  L.  H.  Forbes'  paper  treating  of  the  mill  and  process  in 
use  at  the  Dome  mine,  is  an  interesting  addition  to  technical 
knowledge, 

The  matter  of  an  adequate  sampling  and  weighing  system 
has  not,  to  my  knowledge,  received  any  especial  treatment 
at  the  Dome  mill.  This  was  one  of  the  points  to  which  I  have  called 
attention,  ^  and  as  I  have  devoted  a  special  paper  to  the  subject 
in  general,  "  it  will  not  be  necessary  to  go  into  detailed  argument 
at  this  time.  Evidently  it  has  received  the  consideration  of  the 
Dome  operators,  as  they  are  not  likely  to  have  overlooked  so 
important  a  detail.  It  is  probable  that  it  is  not  considered  eco- 
nomical to  attempt  exact  sampling,  the  tailing  assay  from  the 
filter  presses  showing  the  amount  of  loss  and  the  exact  percentage 
of  recovery  not  being  considered  essential.  Stamp  crushing, 
followed  by  regrinding  in  tube  mills,  is  the  standard  system  used 
at  the  Dome  mill,  the  only  distinguishing  feature  being  that  the 
crushing  and  regrinding  is  carried  out  in  water,  while  at  most 
modern  all-sliming  mills  it  is  done  in  solution  to  avoid  the  loss 
involved  in  changing  from  water  to  cyanide  solution.  The  com- 
pelling reason  in  the  case  of  the  Dome  is  the  necessity  of  using 
plate  amalgamation  for  recovering  as  great  a  percentage  of  gold 
as  possible  before  beginning  cyanidation.  The  water  crushing 
and  plate  amalgamation  does  not  seem  to  be  entirely  justified 
at  the  Dome,  but  of  course  the  question  can  only  be  settled 
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by  a  comparison  of  costs.  If  amalgamation  is  ccjnsidcrcHl  neces- 
sary, there  would  seem  to  be  no  reason  why  it  could  not  be  carried 
out  as  well  in  cyanide  solution,  as  is  done  at  the  Liberty  Bell 
mill,  for  instance;  or  if  its  primary  object  is  the  prompt  recovery 
of  coarse  gold  particles  which  would  unduly  dela>'  cyanidation, 
one  has  only  to  consider  the  system  in  use  at  the  Hollinger 
mill,  treating  ore  of  similar  character,  where  the  pulp  is  concen- 
trated and  the  concentrate  treated  separately  !)>-  cyanidation. 
Experience  at  the  Hollinger  seems  to  show  that  coarse-gohl 
particles  entering  the  tube  mills  are  likely  to  stay  there  until 
thoroughly  ground  up  and,  most  likely,  dissolved.  I  haxe  already 
mentioned  the  remarkable  efficiency  of  the  tube  mill  asacyanlding 
machine,  due  to  a  combination  of  adx'antages,  among  which  may 
be  mentioned  its  receiving  freshly  precipitated,  barren  solution, 
which  is  extremely  acti\'e,  the  grinding  and  agitating  action  and 
the  sliglitl>-  higher  temperature  generated  b>'  the  friction  within 
the  mill.  The  grinding  action  of  the  i)cl)bles  and  f|uarlz  sand 
ought  to  be  particularly  effectixe  in  abrading  particles  of  gold. 
Mr.  I'(jrbes  does  not  mention  this  subject  in  his  pajjcr,  although 
it  has  doubtless  been  considered. 

The  Dome  mill,  while  its  installation  was  carefully  considered 
as  circumstances  would  permit,  embodies  a  more  or  less  tentative 
scheme  of  treatment.  The  necessity  of  promptness  and  the  small 
amount  of  underground  development,  as  explained  by  Mr.  Forbes, 
accounts  for  this  condition,  while  personal  conversation  with 
Mr.  Merrill  has  confirmed  it,  he  having  indicated  that  with 
the  information  gained  by  the  operation  of  the  present  mill, 
further  expansion  might  be  made  the  occasion  for  a  change  of 
the  treatment  system.  Current  information  shows  that  the 
treatment  is,  in  fact,  to  be  substantially-  changed.  The  informa- 
tion at  my  command  at  this  time  is,  unfortunately,  not  official 
or  complete,  but  it  is  known  that  40  additional  stamps  are  to  be 
installed,  doubling  the  present  stamping  capacit\-,  and  that  six 
40  X  10  feet  leaching  tanks  will  be  put  into  use. 

Here,  then,  is  a  most  significant  and  far-reaching  change; 
adopting  separate  treatment  in  place  of  total  sliming.  Hard 
as  the  Dome  ore  is,  this  seems  a  most  reasonable  and  beneficial 
change,  as  the  smaller  recovery  by  leaching,  if  indeed  it  is  smaller. 
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will  probabh'  be  more  than  offset  by  avoiding  the  regrinding  to 
slime.  It  is  most  probable  that  the  sand  in  the  battery  pump 
will  be  partially  reground  in  the  tube  mills,  again  separated, 
and  the  clean  sand  leached.  Whether  more  tube  mills  will  be 
used,  I  do  not  know,  but  it  seems  likely  that  the  present  installa- 
tion will  be  sufficient  to  reduce  the  increased  quantity  of  sand 
to  a  size  appropriate  for  leaching. 

\^  hether  or  not  there  will  be  any  change  of  the  water-crush- 
ing system,  does  not  appear  at  this  time.  In  view  of  the  fact 
that  Mr.  Merrill  has  secured  such  uniformly  satisfactory  results  by 
water  crushing  at  the  Homestake,  it  seems  likely  that  he  would 
prefer  to  keep  to  that  system.  I  have  already  mentioned  that 
the  use  of  water  in  the  crushing  system  is  believed,  in  some  cases, 
to  have  advantages  other  than  the  presumed  amalgamation 
obtained.  In  some  Western  districts,  notably  at  Goldfield  and 
Tonopah,  operators  believe  that  when  solution  is  used  in  the  crush- 
ing system,  chemical  combinations  prejudicial  to  good  cyanida- 
tion  are  formed  which  would  be  avoided  were  water  used.  These 
combinations  are  said  to  destroy  cyanide.  At  Goldfield,  water 
is  used  in  crushing,  but  at  Tonopah  where  silver  ores  are  treated, 
the  loss  of  cyanide,  due  to  changing  solutions  and  discarding 
excess,  is  believed  to  be  greater  than  that  destroyed  when  solution 
is  used  for  crushing.  At  the  Dome,  however,  where  the  ore  is 
quite  clean,  one  would  not  expect  any  detrimental  results  from 
solution  crushing. 

The  very  tall  and  narrow  Pachuca  tanks  used  at  the  Dome 
mill  have  always  appeared  to  me  expensive  to  operate,  but  they 
have  been  considered  necessary  in  view  of  the  extremely  heavy 
nature  of  the  pulp.  With  the  change  of  treatment  system,  how- 
ever, these  tanks  would  seem  to  be  made  unnecessary,  as  only  the 
true  or  natural  slime  will  have  to  be  agitated,  the  granular, 
sandy  portion  going  to  leaching  tanks.  A  less  expensive  agita- 
tion system  ought  to  be  available  under  the  changed  conditions. 

Whatever  details  I  have  discussed  here  are  mentioned  with 
the  sole  object  of  throwing  more  light  upon  cyanidation  in  gener- 
al, using  a  well-considered,  modern  plant  as  a  basis  for  argument. 
There  is  no  room  for  doubt  that  the  Dome  mill  has  been  success- 
ful in  the  past  and  will  be  more  so  in  the  future.     Mr.  Merrill 
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and  his  associates  are  quite  competent  to  conceive  and  produce 
a  successful  plant.  Their  handling  of  the  metallurgy  assures 
thoroughly  practical  and  highly  economical  results. 

Mr.  D.  L.  H.  Forbes: — I  desire  to  comment  briefly  upon 
Mr.  Megraw's  contribution  to  the  discussion  of  my  paper. 
The  weighing  and  sampling  of  ore  is  a  matter  on  which  widely 
differing  views  are  held.  In  all  engineering  measurements 
'  Exactness*  is  unattainable,  and  it  should  be  not  so  much  a  ques- 
tion of  trying  to  obtain  that  which  is  beyond  our  reach  as  of 
obtaining  results  within  limits  of  accuracy,  yet  closely  enough  for 
the  purpose  to  which  the  results  are  to  be  applied.  It  is  true 
that  there  are  automatic  weighing  machines  which  will  weigh 
dry  ore  to  within  less  than  1  per  cent  error,  but  such  a  device 
is  out  of  proportion  and  even  inaccurate  when  applied  to  very 
wet  ore  coming  from  the  mine.  Besides  the  error  introduced  by 
wet  ore  sticking  to  the  belt  of  such  machines,  there  is  an  unavoid- 
able large  error  in  the  estimate  of  moisture  contained  in  the  ore. 
There  is  no  doubt  that,  in  cases  where  ore  coming  from  the  mine 
is  nearly  dry,  it  is  most  economical  and  satisfactory  to  use 
either  automatic  continuous  weighers  of  the  Blake-Dennison 
type  or  registering  car  scales,  but  at  the  Dome  mine  conditions 
are  such  that  neither  of  these  methods  was  deemed  advisable. 

The  matter  of  sampling  ores  going  to  the  mill  is  also  one  that 
is  a  subject  of  much  controversy.  In  general  I  am  inclined 
to  agree  with  Mr.  Megraw's  stand  that  it  pays  to  sample  the 
mill  heads  wherever  it  can  be  done  with  a  reasonable  degree  of 
accuracy  and  without  adding  a  heavy  charge  to  the  cost  of  milling. 
That  it  is  possible  to  sample  gold  ores  such  as  that  of  the  Dome 
no  one  will  deny,  but  an  idea  of  the  cost  of  obtaining  results 
that  are  reliable  can  be  gained  by  looking  up  the  rates  charged 
by  customs  sampling  works.  No  manager  who  is  not  engaged 
in  purchasing  ores  would  care  to  add  such  heavy  operating  charges 
to  his  milling  cost  as  this  class  of  ore-sampling  would  involve; 
yet  to  install  anything  short  of  such  methods  would  be  wasting 
money  when  sampling  ore  that  is  lacking  in  uniformity  of  gold 
distribution. 
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Contrary  to  Mr.  Megraw's  impression,  the  losses  of  the  mill 
used  in  calculating  extraction  are  not  alone  those  in  the  tailing, 
but  every  other  possible  source  of  loss  is  also  taken  into  consider- 
ation and  estimated  as  closely  as  practicable.  All  waste  solution 
and  sluicing  water  issuing  from  the  mill  are  regularly  sampled 
and  measurements  of  volume  taken. 

Mr.  Megraw  is  entirely  right  in  stating  that  the  question 
of  water  crushing  as  compared  with  crushing  in  solution  is  one 
that  can  only  be  settled  by  a  comparison  of  costs.  It  is  precisely 
on  this  basis  in  combination  with  the  total  recovery  of  gold  that 
the  argument  for  the  Dome  mill  practice  rests. 
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SOME   NOTES   ON   EXPLOSIVES. 

By  Frank  H.  Gunsolus,  Wilmington,  Del.,  U.S.A. 

{Annual  ^fce^ino\   ()lta:ca,  1913) 

In  keeping  with  the  age,  the  manufacturer  of  explosives 
nowadays  must  be  a  specialist.  For  six  hundred  years  gunpow- 
der was  the  only  known  explosive  and  was  in  consequence  used 
indiscriminately  for  all  purposes.  The  tendency  now  is  to  pro- 
duce an  explosive  suited  to  each  special  requirement.  Thus, 
for  coal  mining,  it  is  the  manufacturer's  aim  to  supply  an  explo- 
sive that  may  be  employed  with  the  maximum  degree  of  safety 
in  gaseous  or  dusty  workings;  while  conditions  and  requirements 
in  other  directions  are  given  equal  consideration. 

Gunpowder,  in  a  crude  form  was  known  to  the  Chinese 
many  centuries  before  its  introduction  into  Europe,  which,  it 
is  believed,  dates  from  early  in  the  fourteenth  century,  when  it 
was  employed  in  warfare.  It  was  not,  however,  utilized  as  a 
blasting  agent  until  1629,  when  Caspar  Weindl  successfully 
demonstrated  its  value  in  this  respect  at  Schemnitz,  Hungary. 
In  1823.  one.  Snow  Harris,  first  applied  electricity  to  the  firing 
of  charges.  In  1831,  fuse  was  invented  by  Bickford.  Until 
1854,  there  was,  however,  no  substitute  for  gunpowder  as  a 
blasting  agent.  Meanwhile,  in  1848,  the  discovery  of  nitro- 
glycerine was  made  by  Ascanio  Soi)rero,  although  not  until  1863 
did  it  becone  available  for  general  use.  This  was  because  of 
its  extreme  sensitiveness  and  of  the  inconvenience  of  handling 
it  in  a  liquid  condition.  But  about  the  latter  date,  Alfred  Nobel, 
the  great  Swedish  chemist,  found  that  the  use  of  an  infusorial 
earth  (known  as  Kieselguhr)  as  an  absorbent  for  nitro-glycerine, 
overcame  these  drawbacks  in  a  large  measure,  and  in  1867  he 
introduced  this  mixture  under  the  name  of  dynamite.  Again, 
about  the  same  time,  Brown,  a  chemist  in  the  British  War  Office, 
discovered  the  use  of  fulminate  of  mercury  for  detonating  dyna- 
mite. Gelatine  dynamite  was  next  produced  in  consequence  of 
Nobel's  discovery  that  nitro-cotton  was  readily  soluble  in  nitro- 
glycerine,  forming  a  gelatinous  mass  that  he  termed   blasting 
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gelatine.  In  1886,  it  was  recognized  that  the  majority  of  the  dis- 
astrous explosions  in  coal  mines  was  due  to  the  ignition  of  fire- 
damp by  the  firing  of  shots,  and  that  explosives  might  be  manufac- 
tured by  which  this  danger  might  be  considerably  minimized. 
The  explosive  nature  of  fine  dust  in  coal  mines  when  subjected 
to  the  hot  flames  of  an  explosive  of  long  duration,  such  as  blasting 
powder,  has  been  demonstrated  but  recently.  Only  manufac- 
turers realize  the  difficulties  in  arriving  at  a  proper  comparison 
of  the  relative  merits  and  qualities  of  different  explosives. 

Grading  Dynamite. 

The  significance  of  the  grade  distinctions  or  "per  cent 
strength  marks"  on  dynamite  is  frequently  puzzling  to  consum- 
ers, and  often  a  source  of  misunderstanding  between  manufac- 
turer and  consumer.  Originally  a  40  per  cent,  dynamite  was 
a  dynamite  that  contained  actually  40  per  cent,  nitro-glycerine 
by  weight;  but  as  now  dynamites  do  not  always  contain  the  pro- 
portions indicated,  a  short  description  of  modern  grading  practice 
may  be  of  interest. 

The  dynamite  first  manufactured  by  Alfred  Nobel  on  a  large 
scale,  was  known  as  "No.  1  Dynamite,"  and  consisted  of  75 
parts,  by  weight,  of  nitro-glycerine,  and  25  parts  by  weight  of 
"Kieselguhr",  possessing  the  property  of  absorbing  three  or 
four  times  its  own  weight  of  nitro-glycerine.  This  was  truly 
a  75  per  cent,  nitro-glycerine  dynamite,  but  it  was  not  so  strong 
as  the  40  per  cent  dynamites  of  to-day,  some  of  which  contain 
even  less  than  forty  parts  in  a  hundred  by  weight  of  nitro-glycer- 
ine. The  Kieselguhr  acts  as  an  absorbent  merely.  It  plays  no 
part  in  assisting  explosion,  and  only  one  grade  of  dynamite  can 
be  made  with  this  absorbent.  If  more  nitro-glycerine  is  added 
to  the  absorbent  than  it  can  hold,  the  dynamite  leaks  nitro- 
glycerine to  a  dangerous  degree,  and  if  less  than  75  per  cent, 
of  nitro-glycerine  is  added  the  mixture  is  insensitive,  so  much  so 
that  a  mixture  of  40  per  cent,  nitro-glycerine  with  60  per  cent. 
of  Kieselguhr  cannot  be  detonated.  Advantage  of  this  property 
is  taken  in  the  transportation  of  nitro-glycerine  intended  for 
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medicinal  use.  As  Kieselguhr  is  chemically  inert,  any  quantity 
of  75  per  cent.  Kieselguhr  dynamite  will  do  the  same  work  (but 
no  more)  as  the  like  quantity  of  pure  nitro-glycerine. 

Dynamites  at  present  in  use  were  originally  known  as 
"active  base"  dynamites  in  contradistinction  to  the  Kieselguhr 
dynamites.  In  the  active  base  dynamites  a  crude  gunpowder 
was  at  first  substituted  for  Kieselguhr.  Gunpowder,  however, 
is  not  a  good  absorbent  and  it  was  found  that  not  more  than  30 
to  40  per  cent,  of  nitro-glycerine  could  be  incorporated  in  the 
dynamite  thus  prepared.  Hence  in  the  place  of  gunpowder, 
a  mixture  of  wood  meal  and  nitrate  of  soda  was  employed. 
With  these  two  ingredients,  dynamite  ranging  from  20  to  75  per 
cent,  of  nitro-glycerine  may  be  successfully  manufactured  and 
handled.  It  was  ascertained,  moreover,  that  an  active  base, 
such  as  the  latter,  with  40  per  cent,  nitro-glycerine  only,  was  as, 
or  even  more,  powerful  than  a  75  per  cent.  Kieselguhr  dynamite. 
According  to  the  strength,  the  proportions  of  the  three  ingredients 
are  varied;  but  from  the  three,  to  which  are  added  minute  quan- 
tities of  other  non-explosi\e  substances  used  Jor  stabilization 
purposes,  the  type  of  high  explosive  known  as  "straight  dynamite" 
is  made  constituting  the  standard  on  which  grading  is  based. 
Thus  when  other  explosive  substances  are  incorporated  in  dyna- 
mite, the  quantity  of  nitro-glycerine  is  reduced  and  the  formula 
otherw^ise  modified  to  provide  that  the  explosive  power  shall  be 
equal  to  that  of  the  standard.  When  gun-cotton,  for  example, 
is  dissolved  in  nitro-glycerine,  the  resulting  sticky,  jelly-like 
substance  when  added  to  wood  meal  and  nitrate  of  soda,  forms  an 
explosive  of  greater  power  than  one  in  which  the  explosive  sub- 
stance is  nitro-glycerine  alone.  Such  an  explosive,  if  graded 
on  the  basis  of  its  nitro-glycerine  content  merely,  might  become 
a  source  of  danger  to  miners  and  those  accustomed  to  the  use  of 
dynamite  of  standard  grade,  since  it  would  break  material  finer 
and  throw  it  to  greater  distances  than  would  the  latter. 

When  other  active  ingredients  were  introduced  in  the  ab- 
sorbent, it  was  found  necessary  to  reduce  the  proportion  of  nitro- 
glycerine until  the  mixture  was  brought  to  the  same  strength 
as  "Straight  N.  G."  dynamite  against  which  it  was  graded. 
There  are  now  on  the  market  man\-  explosixcs  that  contain  no 
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nitro-glycerine,  some  of  which,  however,  are  equal  in  strength 
to  a  40  per  cent.  "Straight  N.  G."  dynamite.  These  are  graded 
against  the  latter  as  already  described.  Other  powerful  explo- 
sives, in  extensive  use,  contain  small  amounts  of  nitro-glycerine 
only  (from  perhaps,  5  to  10  per  cent.)  which,  nevertheless 
are  equal  in  power  to  50  per  cent,  and  60  per  cent,  straight  nitro- 
glycerine dynamites.  This  then  explains  the  significanct-  of 
grade  markings.  While  straight  nitro-glycerine  dynamites  are 
still  on  the  market  they  alone  contain  the  actual  percentage 
of  nitro-glycerine  indicated  by  the  grade  mark.  In  many  re- 
spects, however,  this  dynamite  is  distinctly  inferior  to  explosives 
of  more  recent  introduction  that  contain  less  nitro-glycerine 
but  having  other  explosive  substances  in  substitution.  Thus 
straight  nitro-glycerine  dynamites  are  too  quick  in  action  in 
many  instances,  while  they  are  also  more  sensitive  to  rough 
handling  than  are  explosives  of  a  more  recent  type. 


Discussion. 


Mr.  Arthur  LaMotte,  of  Wilmington,  Del.,  who  presented 
the  paper  on  the  author's  behalf,  said :  The  question  of  the  effect 
of  the  sizes  and  different  strengths  of  detonators  on  the  various 
kinds  of  dynamite  is  one  which  is  of  great  interest  and  value. 
There  is  no  question  at  all  that  within  limits,  the  larger  the 
detonators  the  more  power  developed,  and  the  greater  the  dis- 
tance the  detonation  will  travel.  We  have  frequently  found  that 
even  with  sensitive  dynamite  in  deep  "well-drilled"  holes, 
where  the  hofe  was  one  hundred  feet  deep  or  thereabouts,  using 
numbers  3,  4  or  o  detonators,  much  unexploded  explosive 
would  be  found  at  the  bottom  of  the  hole  or  in  the  debris;  but 
when  we  increased  the  size  of  the  detonators  to  numbers  6  or  7, 
this  was  no  longer  the  case.  The  advantage  of  using  a  strong, 
sensitive  dynamite  for  exploding  a  more  unsensitive  explosive 
like  gelatine  has  been  proved  repeatedly.  It  has  been  proved  that 
gelatine  will  explode  more  rapidly  when  detonated  by  a  "straight" 
dynamite  cartridge  of  fifty  or  sixty  per  cent. 
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Mr.  G.  C.  Bateman: — With  40%  dynamite  I  have  sometime 
used  half  a  stick  of  60%  with  a  No.  3  cap,  and  obtained  a  better 
explosion  than  would  otherwise  be  possible.  Would  this  have 
the  same  effect  as  using  a  stronger  cap? 

Mr.  Arthur  Lamotte: — It  has  a  greater  effect  than  a 
strong  cap.  I  have  fired  explosives  that  could  not  be  exploded 
by  any  cap,  by  using  a  primer  of  a  sensitive  nitro-glyccrine 
dynamite  w^ith  a  small  cap  which  contained  only  one  grain  of 
fulminate  of  mercury;  and  I.  have  found  that  an  insensitive 
dynamite  can  be  detonated  by  exploding  a  small  quantity  (one 
and  a  half  ounces)  of  sixty  per  cent,  or  even  forty  per  cent,  nitro- 
glycerine dynamite  with  a  very  weak  blasting  cap. 

Mr.  E.  T.  Corkill: — In  tight  ground  it  is  sometimes  recom- 
mended to  use  60%  dynamite  in  the  bottom  of  the  hole  and  40% 
dynamite  for  the  rest  of  the  charge.  Is  this  advantageous  and 
good  practice? 

Mr.  Arthur  Lamotte: — The  question  is  whether  to  use 
a  quick  or  a  slow  powder,  or  a  strong  or  a  weak  powder,  in  the 
same  hole.  There  are  times  when  it  is  very  advantageous 
to  do  either.  I  remember  one  quarry  where  they  had  a  stratum 
of  twelve  feet  of  very  hard  limestone,  which  was  overlain  with 
sandstone  and  sand.  They  attempted,  without  success,  to 
blast  it  with  a  mixture  of  black  powder  and  dynamite.  The 
rock  was  eventually  blasted  by  placing  the  dynamite  in  the  hole, 
then  a  layer  of  sand,  which  was  tamped,  and  over  this  a  charge 
of  black  powder,  firing  both  charges  simultaneously.  Firing  two 
different  kinds  of  powder  in  the  same  hole  without  tamping 
interposed  is  not  economical,  because  the  quicker  explosive  opens 
the  cracks  and  allows  the  combustion  gases  from  the  slower 
explosives  to  escape;  but  in  tunnelling  where  the  burden  at  the 
bottom  of  the  hole  is  so  much  greater  than  near  the  mouth, 
it  may  be  a  distinct  advantage  to  place  a  stronger  explosive 
at  the  bottom  and  economize,  if  >'ou  can  employ  the  term 
by  having  a  weaker  explosive  at  the  top. 

Mr.  E.  T.  Corkill: — You  showed  some  slides  of  the  electric 
type  of  delay  fuses.     Have  you  tested  fuses  of  this  type? 

Mr.  Arthur  LaMotte: — I  have  had  partially  successful 
results  with  some  of   these   fuses.     The   delay  is  very  positive 
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when  it  takes  fire,  but  at  the  same  time  the  manufacturers 
seemingly  have  not  been  able  to  develop  a  perfectly  reliable 
ignition  device.  The  bridge  frequently  ignites  the  primary 
mixture  from  the  electric  current,  but  will  not  ignite  the  fuse. 
Another  objection  is  that  it  is  almost  impossible  to  get  them 
to  synchronize;  a  fuse  may  be  cut  with  the  utmost  accuracy 
so  that  each  length  is  exactly  the  same,  but  the  fuse  burns  at 
different  rates  according  to  confinement,  the  more  tightly  it  is 
packed  the  more  rapidly  it  will  burn,  so  that  we  frequently  have 
a  strongly  confined  "delay  action  fuse"  acting  before  the  one 
that  it  was  designed  to  follow. 

Mr.  E.  T.  Corkill: — That  really  would  not  be  a  disadvant- 
age for  firing  a  round  of  holes  where  it  is  unimportant  whether 
the  explosions  were  simultaneous  or  not. 

Mr.  Arthur  LaMotte: — In  drifting  w^ork,  if  simultaneous 
explosions  were  required,  the  regular  electric  detonator  could  be 
used.  It  is  not  essential,  however,  to  blow  the  side  holes  simul- 
taneously, since  there  would  be  the  delay  between  the  cut  and 
the  next  side  hole.  In  mining  the  lack  of  synchronism  is  not  a 
great  objection.  In  quarrying  it  is  a  very  decided  objection. 
But  in  mining  the  failure  of  any  hole  to  misfire  is  a  distinct 
disadvantage.  Most  of  the  electric  fuse  ignitors  at  present  in 
use  are  not  absolutely  reliable. 

Mr.  G.  C.  Bateman: — In  drifting,  where  there  is  a  much 
heavier  burden  on  the  bottom  of  the  hole,  would  you  advise 
putting  one  or  more  sticks  of  stronger  powder  in  the  bottom 
of  the  hole  and  a  weaker  powder  for  the  balance  where  the  bur- 
den is  not  so  great? 

Mr.  Arthur  LaMotte: — I  have  sometimes  been  able 
to  pull  a  cut  that  way  when  I  could  not  in  any  other.  At  the 
same  time  I  think  that  it  is  an  exceptional  proceeding,  and  that 
a  great  deal  of  the  strength  of  the  explosive  is  wasted.  We  do 
that  quite  frequently  by  placing  blasting  gelatine  or  eighty  per 
cent,  gelatine  in  the  bottom  of  the  hole  and  a  primary  of  sixty 
per  cent,  or  forty  per  cent,  on  top.  Sometimes  it  has  given  very 
good  results  indeed,  and  at  other  times  there  has  been  no  apparent 
benefit.     These,  however,  are  matters  for  individual  experiment. 


182  Some  Notes  on  Explosives — Gunsolus. 

One  requires  to  study  the  character  of  the  rock,  the  quantity  of 
water,  the  personality  of  the  men  and  the  conditions  in  general. 

Mr.  E.  T.  Corkill: — What,  in  your  opinion,  is  the  main 
cause  of  burnt  holes? 

Mr.  Arthur  LaMotte: — With  cap  and  fuse  firing  the  main 
cause,  I  suppose,  is  the  fuse  side-spitting.  When  the  miner  laces 
the  fuse  through  the  cartridge  there  is  a  likelihood  of  an  ignition 
that  can  be  avoided  in  two  ways,  one  by  inserting  the  fuse 
into  the  top  of  the  cartridge,  which  is  not  always  practicable 
because  very  often  the  fuse  must  be  protected  in  the  hole  and  so 
the  primer  must  be  placed  on  the  bottom.  The  other  method 
is  to  make  the  primer  by  inserting  the  cap  into  the  side  of  the 
cartridge  so  that  the  layer  of  paper  is  between  the  fuse  and  the 
dynamite.  Then  ignition  will  not  occur  so  often.  Another 
cause  is  from  the  use  of  caps  that  have  deteriorated  by  having 
been  kept  in  the  mine  for  too  long  a  time.  The  caps  absorb 
moisture  and  often  instead  of  detonating  the  dynamite,  merely 
set  fire  to  it.  I  have  produced  that  condition  experimentally 
several  times.  Gelatine  d\namite  is  very  unlikely  to  ignite  by 
the  side-spitting  of  a  fuse,  and  it  is,  in  fact,  difficult  to  make  it 
do  so.     Extra  or  ammonia-dynamites  are  also  difficult  to  ignite. 

Mr.  G.  C.  Bateman: — In  one  mine  where  we  were  raising, 
we  experienced  a  great  deal  of  trouble  from  burnt  holes.  The 
men  made  a  practice  of  splitting  the  sticks  of  powder,  and  the 
only  explanation  of  our  trouble  lay  in  the  possibility  of  a 
certain  amount  of  the  powder  escaping  from  the  cartridge  and 
then  sticking  to  the  sides  of  the  holes.  In  the  event  of  the  fuse 
side-spitting,  this  powder  would  be  set  on  fire.  When  we  stopped 
splitting  the  cartridges  we  had  very  little  further  trouble. 

Mr.  Arthur  LaMotte: — Fuse  manufacturers  are  now 
experimenting  with  several  kinds  of  fuse  designed  to  obviate 
side-spitting,  and  I  have  frequently  laced  fuses  through  the  mid- 
dle of  a  dynamite  cartridge  of  the  most  sensitive  type,  and 
burnt  through  half  a  dozen  fuses  in  that  manner  without  igniting 
the  dynamite.  That  is  a  condition  not  possible  with  the  fuses 
manufactured  five  or  six  years  ago.  The  fuse  manufacturers 
arc  awakening  to  the  necessity  of  preventing  side-spitting. 
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Mr.  E.  T.  Corkill: — We  have  had  some  complaints  recent- 
ly on  the  quality  of  fuses,  in  respect  to  their  rate  of  burning. 
I  should  like  to  ascertain  what  is  the  main  cause  for  a  fast  rate 
of  burning  in  fuse.     Have  you  experimented  in  this  direction? 

Mr.  Arthur  LaMotte: — Any  fuse  will  bum  faster  when  it 
it  is  confined  strongly  than  when  it  is  burned  in  the  air.  If  a 
fuse  burns  five  feet  in  three  minutes  in  the  open,  it  is  frequently 
possible,  if  you  tamp  it  solidly  in  a  hole  in  a  solid  rock,  to  make 
it  burn  through  in  less  than  one  minute.  I  have  accomplished 
that  several  times  experimentally  (  although  not  with  all  fuses  on 
the  market)  but  in  nearly  e\'er\-  instance  the  fuse  accelerated 
thirty,  forty  of  fifty  per  cent,  when  tamped  in  solidly:  and  it  is 
frequently  possible  to  obtain  such  acceleration  even  with  sand 
tamping.  With  clay  tamping  the  acceleration  is  even  greater 
Another  factor  is  the  temperature  of  the  storage  building.  If 
fuse  is  stored  in  a  thawing  house  or  on  the  top  of  a  boiler,  the 
asphalts  which  form  its  water-proofing  will  melt,  and  the  ac- 
tion will  be  slowed  or  the  fuse  may  not  bum  completely.  Thus 
if  fuse  is  stored  during  the  summer  season  in  an  iron  magazine, 
the  heat  will  slow  its  action.  When  later  fresh  fuse,  burning  at 
a  normal  speed,  is  supplied  to  miners,  an  accident  is  ver\-  likely 
to  result. 

Mr.  E.  T.  Corkill: — At  what  temperature  should  the 
building  in  which  fuse  is  stored  be  maintained  to  give  the  best 
results? 

Mr.  Arthur  LaMothe: — Not  above  80    F. 

Mr.  E.  T.  Corkill: — ^WTiat  about  low  temperature? 

Mr.  Arthur  LaMotte : — Low  temperature  in  itself  will 
not  affect  the  fuse,  but  if  it  be  removed  and  uncoiled  while  cold 
it  will  crack,  thus  destroying  the  water-proofing.  The  fuse  will 
then  side-spit  badh'.  The  best  practice  is  to  store  fuse  in  a 
cool  place  until  it  is  required  for  use,  when  it  may  be  removed 
for  a  few  hours  into  a  moderately  warm  temperature. 

Mr.  E.  T.  Corkill: — What  is  the  effect  of  age? 

Mr  Arthur  LaMotte: — Age  itself  has  ver\-  little  effect 
on  fuses,  except  in  the  manner  of  appearance.  A  fuse  does  not 
look  as  bright  when  it  is  four  or  fi\-e  years  old  as  when  freshly 
made,  but  its  burning  qualities  are  not  affected  in  the  least. 


THE  USE  OF  EXPLOSIVES  AND  THEIR  SUBSTITUTES 
IN  COAL  MINES 

By  Samuel   Shone,   Bellevue,   Alberta 
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Explosives  arc,  by  far,  the  most  frcciucnt  cause  of  explosions 
of  fire  (lanij)  and  coal  dust.  Such  accidents  are  due  either  to 
carelessness  in  handling  and  firing  the  expU^sives,  or  to  causes 
inherent  in  the  exjjlosives  themselves.  On  this  account,  the 
use  of  explosives  in  coal  mines  is  now  in  most  civilized  countries, 
regulated  by  legislation,  in  an  endea\our  to  proxide  a  greater 
measure  of  safety  in  their  utilization. 

A  mining  explosive  must  be: 

(1)  Safe   to  store  and   handle. 

(2)  Must  recjuire  a  fairlx-  large  amount  of  heat  to 
produce    decomposition. 

(3)  Must  detach,  but  noV  necessarily  shatter  the  coal. 

(4)  The  products  of  combustion  must  be  non-com- 
bustible. 

(5)  Non-poisonous. 

(G)  The  heat  generated  by  the  chemical  action  ac- 
companying decomposition  must  be  as  inconsiderable  as 
possible. 

Classification  of  Explosives 

Explosives  are  either  mixtures  or  compounds.  That  is  to 
say,  the  constituent  parts  are  either  mixed  carefully  together 
mechanically   or    chemically.     In    either    case,    however,    it    is 
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necessary  that  they  should  consist  of  at  least  two  substances, 
one  containing  a  large  percentage  of  oxygen,  the  other  being 
highly  combustible.  The  particles  whether  in  the  form  of  a 
mixture  or  a  compound  should  be  held  loosely  together,  so  that 
on  the  application  of  heat  the  oxygen  may  combine  at  once  with 
the  combustible  substance,  without  loss  of  time  or  heat. 

Gunpoivder  Class-  This  class  was  the  first  explosive 
used.  The  inventor  of  gunpowder  and  its  place  of  origin  are 
not  known.  This  invention  has  been  ascribed  by  different 
authors  to  date  back  to  the  seventh  century,  but  there  is  no  reli- 
able evidence  to  indicate  that  gunpowder  was  employed  as  an 
explosive  before  the  fourteenth  century.  But  for  practically 
five  hundred  years,  it  was  the  only  explosive  in  use. 

Although  gun-cotton  had  been  invented  by  Schoubin  in  1846, 
and  nitro-glycerine  by  Sobrero  in  1847,  these  powerful  agents 
were  not  turned  to  practical  account  until  between  1860  and 
1870.  In  1867,  Mr.  Alfred  Nobel  introduced  dynamite,  which 
was  a  practical  method  of  overcoming  insuperable  difficulties 
previously  experienced  in  the  use  of  nitro-glycerine.  Some  time 
later  the  same  eminent  investigator  introduced  gelatine  ex- 
plosives. 

In  respect  of  explosive  substances  and  their  use  in  the  vast 
mining  industries  of  the  world,  a  great  advance  has  been  made 
during  these  last  twelve  years,  in  so  modifying  them  as  to 
render  their  action  less  dangerous  to  life. 

Gunpowder  is  a  mechanical  mixture  consisting  of  potassic 
nitrate  (or  saltpetre)  charcoal  and  sulphur.  The  saltpetre 
which  contains  a  large  proportion  of  oxygen  is  intimately 
mixed  with  two  combustible  substances,  the  result  being  that  on 
the  application  of  heat,  the  oxygen  is  at  once  liberated,  joins 
with  the  other  constituents  and  forms  large  volumes  of  gaseous 
products.  The  heat  (204°  C.)  required  to  accomplish  this  is  not 
great,  but  the  chemical  action  which  results  causes  a  great 
increase  of  temperature,  the  expansion  of  the  gases  being  greater 
or  less  according  to  the  heat  thus  caused.  It  will  not  be  difficult, 
therefore,  to  understand  that  where  heat  is  sufficient  to  ignite 
the  combustible  solid  products  of  the  explosive,  the  fire- 
damp or  coal  dust  present  in  the  atmosphere  may  also  easily 
become  ignited.     As  the  products  of  an  explosion  of  gunpowder 
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are  combustible,  and  the  heat  generated  very  intense,  a  flame 
is  often  produced,  which  is  of  great  danger  in  mines.  It  is  for 
this  reason  that  the  writer  strongly  objects  to  the  use  of  gun- 
powder in  coal  mines. 

It  may  also  be  noted  that  while  these  changes  have  been 
taking  place  with  regard  to  explosives,  gunpowder  which  was 
used  in  the  earliest  times  in  coal  mines,  being  regarded  as  the  best 
coal  getter,  would  not  now  pass  the  test  prescribed  by  modern 
coal  mining  conditions. 

It  is  evident  that  the  composition  of  the  gaseous  products 
of  the  explosive  is  as  important  a  factor  in  determining  the 
safety  of  the  explosive  as  the  amount  of  heat  produced  during 
the  explosion,  as  although  a  certain  amount  of  heat  may  be 
required  to  ignite  mixtures  of  fire-damp  and  air,  much  less  heat 
may  be  necessary  to  ignite  the  mixtures  if  traces  of  carbon- 
monoxide  are  present. 

Before  proceeding,  however,  to  describe  the  various  explo- 
sive compounds  known  as  high  explosives,  the  writer  desires 
to  refer  briefly  to  the  mode  of  igniting  them  by  detonation. 

Detonation: — While  making  experiments  with  explosives, 
Nobel  found  that  certain  compounds,  the  first  being  nitro- 
glycerine, exploded  with  great  violence  and  effect  when  fired 
by  means  of  a  detonating  fuse,  which  produced  a  sharp  explo- 
sion, with  vibration  and  heat  of  a  peculiar  kind.  This  was 
owing  to  the  instantaneous  decomposition  of  the  explosive  by 
means  of  detonation. 

It  is  well  known  that  certain  compounds,  such  as  fulminate 
of  mercury,  fulminate  of  silver,  the  elements  of  which  are  held 
loosely  together,  will  decompose  readily  on  the  application  of 
a  small  degree  of  heat.  The  exact  cause  of  this  peculiar  property 
possessed  by  these  detonating  substances  is  not  quite  understood, 
but  the  theory  advanced  by  Mr.  Berthelot  is  probably  correct. 
He  contends  that  the  explosive  substance  detonates,  not  because 
the  vibratory  movement  set  up  in  the  detonator  is  transmitted 
through  it,  but  because  it  opposes  it,  in  this  way  converting  the 
force  into  heat,  and  producing  a  second  shock  for  the  next  layer 
of  particles,  which  in  turn  is  again  converted  into  heat,  and  so 
on  through  the  whole  explosive.  It  is  necessary,  however, 
that  the  amount  of  fulminate  of  mercury  in  the  detonator  shall 
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be  sufficient  to  produce  an  initial  shock,  and  as  all  explosive 
compounds  do  not  require  the  same  initial  shock,  detonators 
containing  various  weights  of  detonating  substances  are  manu- 
factured. 

The  composition  of  this  substance  is  generally:  Fulminate 
of  Mercury,  80%;  Chlorate  of  Potassium,  20%  and  the  ignition 
point  is  374°  F. 

Detonators  are  numbered  according  to  the  amount  of  this 
mixture,  which  they  contain. 

Nib 0- Glycerine  Class:  Of  'high  explosives,*  nitro-glycerine 
was  the  first  compound  ignited  by  detonation  to  come  into  use. 
Its  discovery  consequently  marks  an  important  step  in  the  his- 
tory of  modern  explosives.  It  consists  of  nitric  acid,  sulphuric 
acid  and  glycerine ;  and  when  these  are  mixed  together  in  proper 
proportions  and  fired  by  detonation  they  make  a  powerful 
explosive,  giving  ofif  large  volumes  of  gaseous  products.  By 
reason  of  its  extreme  tendency  to  explode  unless  carefully  stored 
and  handled,  it  soon,  however,  became  useless  as  a  mining  ex- 
plosive, until  Nobel  conceived  the  idea  of  mixing  with  it  certain 
quantities  of  explosive  or  non-explosive  substance,  which  ab- 
sorbed the  nitro-glycerine,  and  formed  compounds  which  were 
not  so  sensitive  to  shock,  such  as  dynamite. 

Sprengel  Explosives:  These  explosives  were  invented  by 
Dr.  Hermann  Sprengel,  in  1873,  and  he  advocated  their  use 
because  of  their  safety,  as  they  are  non-explosive  during  their 
manufacture,  storage  and  transportation,  but  are  very  powerful 
explosives  when  prepared  and  detonated.  They  are  not  only 
safe  to  handle,  in  consequence  of  their  high  detonating  point, 
1500°  C,  but  the  products  of  combustion  are  as  a  rule  non- 
inflammable  and  of  a  low  temperature,  provided  all  precautions 
are  taken.  It  should  be  added,  however,  that  these  explosives 
are  designed  to  produce  few  inflammable  products,  and  to  give 
off  little  heat  in   their  decomposition. 

Permitted  Explosives:  During  recent  years  a  new  class  of 
explosive  has  been  introduced  into  coal  mines  in  various  countries, 
and  the  writer  learns  that  steps  are  being  taken  to  have  such 
permitted  explosives  introduced  in  Canada.  This  implies  that 
before  an  explosive  can  be  used  in  a  coal  mine  it  must  pass  the 
required  test. 
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Personally,  the  writer  does  not  think  that  any  explosive  is 
safe,  and,  no  matter  what  explosive  is  used,  great  care  must  be 
exercised  in  its  handling  from  the  time  it  is  received  at  the  mines 
until  all  danger  from  fire  has  passed  after  the  shot  is  exploded, 
and  the  coal  blown  down,  loaded  or  turned  over.  To  this  end 
it  is  important  that  at  every  colliery  attention  should  be  directed 
to  the  education  of  the  individual  miner  and  to  ensuring 
discipline. 

Safety  in  Handling'.  Under  this  head  is  included  (1) 
Storage;  (2)  conveyance  to  and  about  the  mine;  (3)  charging. 

1.  Storage.  Magazines  should  be  built  at  some  distance 
from  the  mine,  the  material  used  in  and  the  form  of  their  construc- 
tion being  subject  to  government  approval.  For  convenience, 
another  small  building  should  be  provided  near  the  entrance 
of  the  mine  for  the  storage  of  explosives  to  a  limited  extent. 
All  unused  explosives  at  the  close  of  a  shift  should  be  taken  from 
the  mine  and  placed  in  this  building. 

Special  rules,  prominently  displayed,  regulating  the  disposi- 
tion, etc.,  of  the  explosives  so  stored  should  be  provided;  while 
the  equipment  would  include  a  pair  of  magazine  boots  to  prevent 
the  introduction  of  grit,  etc.  into  the  store-room;  a  bucket  and 
broom  for  cleaning  the  building,  and  a  mallet  and  wooden  or 
copper   wedge   for   opening   cases. 

The  buildings  should  be  subject  to  inspection  and  govern- 
ment regulation. 

2.  The  explosive  should  be  delivered  to  the  miner  in  a  se- 
cured case,  as  the  law  requires. 

3.  In  the  matter  of  charging,  there  is  no  doubt  that  ex- 
plosives of  the  Sprengel  class,  requiring  a  detonation  of  15  or  18 
grains  of  detonating  substance,  are  the  best.  It  is  necessary 
that  a  fairly  large  amount  of  heat  should  be  required  to  ignite 
the  explosives.  This  not  only  avoids  risk  of  sudden  and  unex- 
pected ignition,  but  ensures  more  rai)id  and  complete  decomposi- 
tion of  the  explosive. 

Safety  When  Fired:  It  is  during  firing,  however,  that  the 
greatest  danger  arises.  The  writer  has  already  remarked  that 
two  conditions  are  absolutely  necessary  in  a  safe  explosive 
during  firing.  I-'irst,  the  products  shall  be  non-combustible, 
and  second,   the  heat  generated  shall  be  as  inconsiderable  as 
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possible.  To  these  there  should  be  added  a  third,  and  that  is 
rapid  and  complete  decomposition  of  the  whole  of  the  explosive. 

It  cannot  be  denied,  however,  that  all  so  called  safety  ex- 
plosives have  at  one  time  or  another  given  off  flame  which  may 
be  visible.  On  the  other  hand  flame  may  be  given  off  at  an 
exceedingly  high  temperature,  which  since  it  is  surrounded 
by  volumes  of  less  heated  gases  may  be  invisible.  This  may 
not  be  due  to  a  faulty  explosive,  but  to  the  conditions  pre- 
vailing in  the  mine  at  the  time.  All  the  legal  requirements 
may  have  been  fulfilled,  the  test  passed,  the  usual  precautions 
taken,  but  in  spite  of  all  a  flame  may  be  produced.  It  is  well 
knowm  that  carbon-monoxide  is  formed  in  consequence  of  an 
insufficient  supply  of  oxygen,  or  an  excess  of  carbon.  Both  these 
conditions  often  exist  in  mines  during  the  firing  of  shots  in  con- 
sequence of  either  bad  ventilation,  or  the  use  of  too  great  a  charge 
of  explosive.  Carbon-monoxide  is  inflammable,  and  when  mixed 
with  air  from  an  explosive  mixture  is  more  readily  ignited,  and 
requires  less  heat  to  explode  than  fire-damp.  So  that  whereas 
the  presence  of  carbon-dioxide  is  likely  to  reduce  risk  of  the  ig- 
nition of  surrounding  gases,  the  presence  of  carbon-monoxide 
increases  considerably  the  danger  from  this  cause.  We  thus  see 
that  although  under  favourable  conditions  no  inflammable 
products  will  be  produced  during  the  firing  of  certain  explosives, 
the  same  explosives  may  be  the  means  under  unfavourable 
conditions  of  causing  carbon-monoxide  to  be  formed,  which 
becoming  ignited,  in  its  turn  ignites  inflammable  mixtures  of 
fire-damp,  or  coal  dust  and  air. 

The  rate  at  which  an  explosive  burns  when  it  is  not  detonated 
depends  upon  the  pressure  in  the  hole.  If  the  coal  or  rock 
breaks  down  before  the  whole  of  the  explosive  is  decomposed 
there  is  danger  of  ignition  by  the  fizzing  particles,  w'hich  throw 
out  sparks  into  the  surrounding  atmosphere. 

Safety  After  Firi7ig\  By  this  the  writer  means  freedom 
from  smoke  or  noxious  fumes.  Complaints  are  regularly  made 
by  those  engaged  in  shot-firing  of  the  bad  effects  of  the  products 
of  combustion.  Carbon-dioxide,  carbon-monoxide,  and  water 
vapour  are  often  the  chief  constituents  of  the  gases  evolved; 
and  although  carbon-monoxide  is  the  most  dangerous  gas,  carbon 
dioxide  is  depressing,  and  unhealthy  if  breathed  for  any  length 
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of  time.  To  avoid  the  production  or  accumulation  of  these 
gases  good  ventilation  is  absolutely  necessary,  and  it  is  the 
writer's  experience  that  all  shot-lighters  should  fire  their  shots 
against  the  air  current,  and  not  with  it. 

Blastifig:  In  spite  of  the  improvements  made  in  the  com- 
position and  character  of  mining  explosives,  accidents  are 
constantly  occurring  during  firing.  The  whole  of  the  opera- 
tions in  connection  with  the  firing  of  explosives  are  so  important, 
that  the  slightest  carelessness  or  inattention  ma\'  lead  to  serious 
results. 

Shot  Firing:  It  is  easy  to  understand  that  when  a  shot  is 
fired  in  coal  or  rock  the  direction  of  the  breakage  will  be  chiefly 
in  the  line  of  the  weakest  part.  In  coal  or  rock  of  uniform 
strength  this  direction  will  be  a  straight  line  from  the  explosive 
to  the  nearest  unsupported  edge.  But  coal  seams  and  rock 
are  not  of  uniform  strength.  It  follows,  therefore,  that  the  line 
of  least  resistance  is  not  necessarily  the  shortest  line  from  the 
explosive  to  the  surface.  When  holes  are  bored,  however,  the 
miner  should  observe  the  position  and  nature  of  any  breaks  or 
faces  in  the  coal,  and  should  so  place  the  hole  as  to  take  advantage 
of  them.  The  depth  of  the  mining  or  shearing  will  regulate  the 
depth  of  the  drill  hole,  its  distance  from  the  next  hole,  or  the  pres- 
ence of  a  fast  side  or  loose  end  will  effect  the  position.  The 
character  and  frequency  of  faces  or  breaks  will  decide  the  di- 
rection. 

In  addition  to  these  considerations  experience  will  teach 
the  miner  to  take  advantage  of  a  good  parting  or  a  strong  roof, 
and  to  avoid  the  bad  effects  of  drilling  a  hole  where  the  force 
of  the  explosive  may  be  reduced  owing  to  the  presence  of  a 
strong  band  of  iron-stone,  or  nigger  heads,  or  even  of  a  soft 
layer  of  inferior  coal. 

The  miner,  by  constant  practice,  and  careful  observations 
should  be  enabled  to  determine  the  best  position,  depth  and  direc- 
tion of  a  shot  hole,  bearing  in  mind  that  it  is  necessary,  not  only 
to  avoid  fast  shots  caused  by  drilling  the  hole  too  deep,  or  in  the 
wrong  direction,  but  that  it  is  also  essential  that  he  should  get 
the  greatest  amount  of  coal  with  as  little  labour  as  possible. 

Charging  Shot  Holes:  The  holes  should  be  thoroughly 
cleaned.     The  explosives  for  mining  purposes  should  be  made  up 
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in  cartridges  of  from  three,  six,  nine  and  to  twelve  ounces,  and  the 
charge  should  be  as  few  cartridges  as  possible.  For  example, 
in  making  a  charge  of  fifteen  ounces,  it  is  better  to  use  a  nine 
and  a  six,  than  a  nine  and  two  threes,  and  the  detonator  should 
be  inserted  in  the  heaviest  charge,  and  entirely  buried  in  the 
explosive.  The  hole  should  then  be  stemmed  by  a  non-inflam- 
mable   substance. 

Method  of  Firing:  The  three  chief  methods  of  firing  shots 
at   present  are: 

(1)  By    means    of    squibs. 

(2)  By  means  of  safety  fuse. 

(3)  By  electricity. 

The  writer,  after  having  had  ten  years'  experience  of  elec- 
trical shot  firing,  has  satisfied  himself  that  the  two  former 
methods   should    be   abolished    entirely    in   coal    mining. 

The  application  of  electricity  for  the  purpose  of  firing 
shots,  dates  back,  in  Great  Britain,  to  about  the  year  1840, 
although  it  was  not  until  some  time  later  that  it  became  popular. 
Now  its  adoption  is  almost  universal. 

The  advantages  of  electrical  shot  firing  appear  to  the  writer 
to  be: 

1.  When  two  or  more  shots  are  fired  simultaneously  one 
examination  suffices.  This  saves  time  and  labour.  Moreover,  if 
the  shots  are  not  fired  simultaneously,  but  fired  by  time  fuses,  any 
gas  liberated  by  one  shot  has  a  tendency  to  be  fired  by  the  second 
shot.  It  may  also  be  argued  that  where  two  or  more  shots  are 
fired  simultaneously  they  help  each  other,  and  produce  a  greater 
total  amount  of  work  with  the  minimum  degree  of  danger. 

2.  There  is  no  risk  to  anyone  engaged  in  firing,  as  every 
man  can  be  in  a  place  of  safety  before  the  wires  are  connected 
to  the  battery,  and  the  shot  can  be  fired  at  any  reasonable  dis- 
tance through  the  connecting  wires.  This  advantage  is  too  great 
to  compare  with  the  old-time  method  of  firing  with  fuse  squibs, 
and  straw  and  touch  paper,  which  sometimes  exploded  the  charge 
before  the  person  who  fired  the  shot  had  time  to  reach  a  place 
of  safety. 

3.  Electricity  gives  off  no  visible  sparks,  and  no  flame  or 
spark  is  exposed  to  the  surrounding  atmosphere  at  the  moment 
of  firing.     This  is  certainly  safer  than  exposing  a  naked  light 
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by  unscrewing  a  safety  lamp  to  light  the  fuse  or  squibs,  and 
although  this  old  method  of  exposing  a  naked  light  was  to 
some  extent  improved  on,  by  passing  a  wire  through  to  the 
flame  of  a  safety  lamp,  and  using  such  heated  wire  to  light  the 
fuse,  doubt  was  raised  respecting  the  absolute  safety  of  a  lamp 
so  constructed  as  to  permit  of  the  improvement  of  this  method, 
A  more  recent  improvement  is  the  Bickford-Smilh  igniter; 
but  by  electric  methods  no  lamp  need  be  unlocked,  and  no 
flame  or  sparks  are  produced  at  all  except  in  the  interior  of 
the  shot  hole. 

4.  Electrical  firing  ensures  less  risk  of  miss-fires  and  practi- 
cally no  danger  of  hanging  fire.  The  old  time  fuse  and  squibs 
were  very  liable  to  miss-fire,  and  to  hang-fire  for  some  con- 
siderable time.  Any  defects  through  storing  and  handling 
fuse  roughly  might  cause  the  fire  to  smoulder  in  the  tape,  and  de- 
lay the  explosion  for  some  hours.  Under  such  conditions  there 
was  always  the  possibility  of  the  shot-lighter,  fearing  blame  on 
one  side  or  the  other,  and  being  under  the  impression  that  a 
mis-fire  had  occurred,  returning  to  the  shot  and  being  injured, 
perhaps  fatally,  by  an  unexpected  explosion.  Hanging  fire  where 
an  electric  exploder  is  used  is  extremely  rare,  although  it  has  be«_n 
known  to  occur,  but  in  no  case  for  more  than  a  few  minutes. 
Mis-shots  have  occurred  where  electric  blasting  is  used,  and  are 
likely  to  occur,  but  are  generally  found  to  be  due  to  faulty  con- 
nections, weakened  battery,  or  faulty  detonators,  the  explosion 
being  often  produced  after  reconnection  or  charging  of  battery. 

5.  Another  advantage  is  the  time  saved  in  the  case  of  a 
miss-fire.  In  the  case  of  a  mis-fire  with  ordinary  fuse  a  certain 
stated  interval  of  time  must  be  allowed  to  elapse  before  the  shot- 
firer  can  return  to  the  hole.  With  electric  shot  firing,  there  is 
almost  perfect  safety  in  approaching  the  shot  after  the  battery 
has  been  disconnected. 

One  danger  in  the  case  of  a  mis-fire  with  electric  blasting 
lies  in  the  fact  that  the  detonator  may  be  lost  in  the  coal  or  rock, 
after  being  blown  down  by  another  shot.  To  find  the  detonator, 
the  writer  has  found  it  advantageous  to  fasten  a  piece  of  stick 
around  the  wires,  while  the  practice  of  painting  the  electric 
wires  white  is  valuable. 
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6.  A  final  advantage  is  that  the  primer  can  be  placed  at 
the  bottom  of  the  hole  instead  of  at  the  top,  thus  producing  more 
perfect  detonation. 

In  sinking  operations  and  in  rock  work,  the  advantages 
of  electric  blasting  become  even  more  pronounced  than  in  or- 
dinary coal  shooting,  as  in  such  cases  a  much  greater  effect  is 
obtained  by  firing  several  shots  simultaneously  than  by  firing 
them  singly.  The  whole  work  is  more  expeditious  and  efficient 
and  all  the  men  can  be  withdrawn  before  the  cables  are  connected 
to  the  battery,  and  the  shots  fired  from  the  surface.  Too  often 
have  cases  been  reported  where  sinkers  in  firing  their  round  of 
shots  have  failed  to  ascend  the  shaft  before  the  shots  have  gone 
off. 

Two  distinct  methods  of  electric  blasting  are  ordinarily 
in  use: — high  and  low  tension.  As  a  rule  low  tension  wires 
are  black,  and  high  tension  wires  green. 

Bloivn  Out  Shots:  These  may  be  caused  in  the  following 
ways : 

(a)  Owing  to  a  hole  being  drilled  in  the  fast,  and  not  being 
placed  in  relation  to  the  work  it  has  to  perform. 

(b)  Insufificient   or    unsuitable   tamping. 

(c)  Over-charging.  If  a  shot  hole  is  over-charged  the  effect 
is  practically  the  same  as  that  caused  by  insufficient  tamping. 
The  amount  of  explosive  used  depends  on  the  strength  of  the 
compound,  and  the  work  it  has  to  do.  It  is  only  by  constant 
practice  and  careful  observance  of  the  effect,  that  a  shot-lighter 
is  able  to  gauge  the  right  quantity  of  explosive  necessary  for 
each  hole. 

Mis-Fires:  Mis-fires  during  shot-firing  may  be  caused 
either  by  carelessness  in  charging  and  firing  the  shot,  or  to 
defective  materials.  In  the  latter  case  accidents  may  arise 
from: 

(a)     Defects    in    the    explosive. 

Accidents  from  this  cause  are,  no  doubt,  rare.  Probably 
the  chief  danger  arises  from  the  tendency  of  some  explosives  to 
exude  or  sweat  during  storage.  If  a  greater  charge  of  explosive, 
however,  is  used  than  the  detonator  is  able  to  fire,  some  of  the 
explosive  may  be  left  fizzing  in  the  hole,  or  even  unconsumed. 
These  are  both  dangerous  circumstances,  and  can  only  be  avoided 
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by  seeing  that  all  the  cartridges  are  placed  in  contact  during 
charging,  without  any  dust  or  clay  between  them,  and  by  the 
careful  selection  of  a  sufficiently  powerful  detonator. 

(b)  Inferior   detonators. 

It  is  conceivable  that  in  the  manufacture  of  large  quantities 
of  detonators,  it  is  difficult  to  avoid  mistakes  in  the  filling  of 
them.  If  the  weight  of  detonating  substance  is  less  than  it 
should  be  for  an  explosive,  a  mis-shot  may  occur. 

(c)  Mis-fires  due  to  careless  charging  and  firing. 
Although  as  the  writer  has  just  stated,  the  fuse  or  cable  used 

in  electric  shot-firing  is  generally  faultless  in  construction,  one  of 
the  chief  causes  of  mis-shots  is  due  to  carelessness  in  manipulation. 
While  the  hole  is  being  stemmed,  great  care  should  be  taken 
to  prevent  the  detonator  from  withdrawing  from  the  charge. 
The  ends  of  the  wires  should  be  cleaned,  so  as  to  make  good  con- 
tact; also  precaution  should  be  exercised  to  avoid  short  circuiting, 
and  at  all  times  the  shot-lighter  should  have  the  exploder  with 
him. 

There  is  no  doubt  there  has  been  and  still  is  carelessness 
in  the  handling  of  detonators  in  the  mines.  The  writer  has 
frequently  seen  detonators  in  the  broken  coal  and  rock,  and  in 
his  opinion  shot-lighters  should  be  obliged  to  account  daily 
for  the  detonators  supplied  them,  by  filling  in  a  form,  similar 
to     the     accompanying     model. 

The  writer  would  place  all  detonators  under  the  control 
of  a  competent  person  at  the  surface,  whose  duty  it  would  be  to 
store,  and  keep  account  of  such,  and  issue  to  the  authorised 
shot-firers  a  limited  number  in  a  secure  case  or  box.  Such  issue 
to  be  made  at  stated  times  and  at  the  store  only,  each  shot- 
firer  to  sign  for  the  number  of  detonators  received.  Detonators 
should  be  stored  separately  from  any  other  explosives  and  should 
be  accessible  only  to  the  authorised  store-keeper. 

Shot-firers  should  be  required  not  to  leave  detonators 
exposed  to  danger,  such  as  falls  of  roof,  sides,  or  to  careless 
workmen,  but  to  constantly  keep  them  under  their  sole  control 
and  observation  and  securely  under  lock  and  key. 

A  statement  respecting  mis-shots  should  be  included  on 
the  same  form,  giving  with  the  shot-lighters  name,  the  time  the 
shot  missed,  the  place,  the  probable  cause,  the  date,  etc. 
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By  such  a  form  we  would  be  able  to  judge,  to  a  great  extent, 
the  qualifications  and  capabilities  of  the  shot-lighter. 

In  conclusion  the  writer  would  recommend  electrical  shot- 
firing  and  a  permitted  explosive,  where  explosives  have  to  be 
used  to  break  the  coal  or  rock  from  its  natural  position. 

G  I' N  powder 

The  writer  is  of  the  opinion  that  this  class  of  explosive 
is  very  dangerous  in  both  fier\'  and  non-fiery  mines. 

(1)  Because  the  manufacturer  sends  it  to  the  mine  in  such 
a  loose  fashion. 

(2)  It  is  more  liable  to  cause  a  blow-out  shot  than  a  per- 
mitted explosive,  as  it  requires  much  more  space  to  accomodate 
sufficient  powder  to  do  the  same  amount  of  work. 

(3)  The  inconvenient  method  of  calculating  and  charging 
a  hole,  whereas  in  the  case  of  a  permitted  explosive  it  is  made 
up  of  cartridges. 

(4)  It  is  at  all  times  liable  to  ignite  whilst  being  charged, 
by  sparks  from  a  lighted  pii)e  or  lamp  in  a  non-fiery  mine, 
also  when  miners  are  making  their  cartridges  up. 

(5)  The  products  of  gunpowder  are  combustible.  The 
heat  generated  is  very  great,  and  a  fiame  is  often  produced. 

(6)  The  coal  is  subject  to  taking  fire,  after  a  charge  of 
gunpowder  has  been  fired.  The  writer  has  often  helped  to  put 
out  such  a  fire.  To  this,  no  doubt,  could  be  attributed  a  great 
many  fires  in  non-fiery  mines,  where  a  shot  has  been  fired,  and 
on  account  of  the  thick  smoke  the  miner  has  gone  home  and  the 
fire  kept  on  burning. 

The  writer's  aim  has  been  to  try  and  lay  before  you,  as  far 
as  his  practical  experience  would  allow,  what  an  explosive  is, 
its  definition,  jirincipal,  distinction,  strength,  safety,  and  the 
choice  of  an  explosive,  and  the  method  to  fire  it. 

This  may  not  be  the  best  way  to  treat  the  subject  in  the 
opinion  of  others,  but  from  the  experience  of  explosives  that  the 
writer  has  had  underground  he  cannot  realize  a  better  way. 

Some  means  should  be  brought  about  to  impress  upon 
shot-firers  and  miners  as  a  body,  the  dangers  attendant  to  the 
operation  of  firing  shots.     It  canncA  be  denied  that  it  is  a  case 
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where  "familiarity  breeds  contempt;"  and  that  things  are  done 
more  or  less  off-hand.  This  is  perhaps  the  case  more  often  in 
non-gaseous  mines  than  in  fiery  mines.  Good  laws  alone  do 
not  prevent  sparks  from  falling  into  loose  powder,  any  more  than 
they  safely  set  supports  under  a  bad  roof,  or  prevent  a  blow-out 
shot  or  accomplish  innumerable  other  things.  The  writer  says 
this  because  he  finds  that  even  in  this  enlightened  age  there  are 
miners  and  shot-firers  who  run  very  grave  risks  through  in- 
dolence and  negligence.  The  circumstances  of  recent  explosive 
accidents  do  not  point  to  the  need  of  more  regulations,  but  rather 
that  the  existing  law  should  be  more  strictly  carried  out. 

Whatever  precautions  may  be  taken  in  the  future  to  mini- 
mize the  risk  of  accidents  in  coal  mines  from  explosives,  and 
quite  apart  from  any  new  regulations  which  this  Province  may 
impose,  joint  action,  of  a  voluntary  kind,  on  the  part  of  the 
employers  and  the  miners  is  necessary  to  accomplish  anything  in 
this  direction.  What  is  needed  is  closer  co-operation  between 
operators  and  men,  and  a  determination  to  join  hands  and 
forces  in  the  adoption  of  preventive  measures. 

Substitutes  for   Blasting  in  Co.\l  Mines 

Meanwhile  great  interest  is  naturally  centred  in  the  possible 
introduction  and  utilization  of  mechanical  appliances  that 
would  replace  the  use  of  explosives  in  mines,  and  thus  minimize, 
to  an  important  degree  the  hazards  of  the  coal  miner's  calling. 

What  is  required  of  such  an  appliance  is: 

1st.  That  it  should  be  as  effective  as  the  chemical  ex- 
plosives. 

2nd.  That  it  should  be  free  from  the  dangers  that  arise 
from  explosives. 

3rd.  That  the  work  of  breaking  down  the  coal  or  rock  may 
be  accomplished  as  cheaply  as  by  chemical  explosives. 

4th.  That  the  coal  may  be  obtained  with  a  less  percentage 
of  slack,  than  by  the  use  of  explosives. 

oth.  The  roof  should  be  uninjured  after  the  operation 
has  taken  place. 

Several  means  have  been  suggested,  whereby  with  the  use 
of    mechanical    appliances,    the    above    mentioned    advantages 
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may  be  secured.  But  there  is  only  one  known  to  the  writer, 
that  answers  at  all  to  the  desired  requirements  and  this  appliance 
can  be  used  only  under  certain  conditions. 

This  invention  is  the  hydraulic  cartridge.  The  apparatus 
consists  of  a  steel  cylinder,  3  inches  in  diameter,  and  from  18 
inches  to  2  feet  long.  Eight,  or  in  some  cases  twelve  small 
duplex  rams  are  fi.xed  radially  in  the  cylinder,  and  may  be  forced 
outwards  by  the  pressure  of  water  driven  through  a  series  of 
passages  through  the  cylinder.  The  pistons  are  arranged  to  give 
a  long  traverse,  and  are  prevented  from  crushing  into  the  coal 
by  means  of  a  strip  of  steel  called  a  liner  about  an  inch  in  breadth, 
which  is  pushed  into  the  hole  with  the  cartridge.  Attached  to 
this  cartridge  is  a  steel  pipe  of  about  4  in.  external  diameter, 
of  small  bore,  and  of  the  type  usually  made  for  hydraulic  pur- 
poses. Water  is  forced  to  the  cartridge  by  a  small  pump  of 
portable  construction.  Less  than  two  pints  of  water  are  sufficient 
to  complete  the  cycle  of  operation,  and  by  a  simple  arrangement 
of  \alves  the  water  ma\-  be  returned  to  a.storage  vessel  when  each 
hole  has  been  treated.  To  break  the  coal,  either  from  the  roof 
or  from  the  floor,  the  cartridge  and  liner  are  inserted  in  a  hole  of 
3\  in.  diameter  (which  is  easily  bored  when  power  is  available) ; 
and  the  water  tank,  and  the  supporting  adjustable  stand  is  fixed 
in    position.     Pumping    is    then    commenced. 

For  convenience  and  quickness  of  operation  the  c>'linder 
and  pipe  may  be  fully  charged  by  using  a  short  handle,  while 
directly  the  pressure  on  the  pistons  increases,  an  extension  handle 
is  employed.  The  piston-tra\el  is  2h  inches  long,  and  a  pressure 
of  3  to  5  tons  per  square  inch  may  be  exerted  on  the  pistons. 
The  operation  requires  from  8  to  10  minutes  to  complete.  On 
the  average  from  25  to  30  operations  arc  performed  per  8-hour 
day.  The  yearly  capacity  is  equal  to  19,000  thrusts,  producing 
50,000  tons  of  coal  from  a  4  ft.  seam. 

The  appliance  is  best  suited  to  Icjng-wall  work,  although  it 
can  be  used  to  advantage  in  room  and  pillar  work,  where  one 
end  is  sheared.  It  has  few  parts,  is  simple  and  strong  in 
construction  and  consequently  enormous  pressure  can  be  ex- 
erted without  risk  of  damage. 

This  cartridge  has  bden  in  use  in  Great  Britain  for  the  past 
six  years,  and  has  given  very  gratifying  results  on  long-wall  faces. 
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The  advantages  of  the  machine  are: 

1st.     There  is  no  danger  of  igniting  gas  or  coal  dust. 

2nd.     The  dangers  of  charging  and  firing  are  avoided. 

3rd.  A  greater  percentage  of  hard  and  unshattered  lump 
coal. 

4th.     The  roof  is  uninjured  after  the  operation. 

5th.  There  is  no  interruption  in  the  working  of  the  mine, 
as  it  is  possible  to  use  the  machine  while  the  miner  is  at  work. 
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THE   MEASUREMENT  OF   COMPRESSED   AIR 

DELIVERED  BY  THE  HYDRAULIC 

COMPRESSOR,  COBALT 

By  C.  H.  Taylor,  Toronto,  Ont. 

Amongst  those  engaged  in  mining  pursuits  the  unreli- 
abiUty  of  air  meters  has  become  almost  a  byword.  This  un- 
reliabiHty  was  substantiated  by  the  writer  whilst  engaged  upon 
the  construction  of  the  Cobalt  Hydraulic  Air  Compressor 
Plant.  Manufacturers  were  invited  to  submit  specimen  meters 
to  the  Cobalt  Company  with  the  prospect  of  an  order  should  any 
meter  fulfil  the  requirements  specified,  chief  of  which  was  that 
it  should  register  within  3%  of  accuracy.  In  consequence  two 
meters  only  were  submitted.  One  was  of  the  chart  reading 
type.  When  put  to  the  test,  however,  it  proved  useless  as  the 
variation  of  load  changed  so  rapidly  that  the  curve  became  a 
mere  smudgy  line  and  utterly  illegible.  The  other  meter  was 
of  the  ordinary  recording  type  and  was  accompanied  by  a 
guarantee  of  2%  accuracy.  It  proved  to  be  absurdly  in- 
accurate. The  test  to  which  these  meters  v.'ere  put  was  an  easily 
comprehensible  and  simple  one,  so  that  whilst  thoroughly  reliable, 
none  would  have  the  least  difficulty  in  understanding  its  working 
or  could  question  the  accuracy  of  the  results  it  afforded;  this 
too  with  a  minimum  of  calculation. 

The  testing  apparatus  is  described  graphically  in  Plate  1. 
It  will  be  seen  that  its  central  feature  is  a  gasometer  tank  of 
3,000  cubic  feet  capacity.  The  weight  of  the  tank  is  balanced 
by  a  large  concrete  block  and  suspended  on  sheaves  running  on 
roller  bearings  with  compensating  riders  on  the  cable  for  the 
additional  weight  of  the  tank  as  it  rises  out  of  the  water.  It 
is  so  delicately  balanced  that  a  U-tube  of  water  connected  to 
the  tank  will  not,  at  any  time,  show  a  deflection  of  .01  inch 
of  water  between  the  pressure  inside  and  outside  when  being 
filled  or  exhausted  through  its  whole  range,  so  that  air  is  measured 
as  close  as  possible  at  atmosphere  pressure.  The  inside  diameter 
of  the  tank  is  17.8416  feet  making  a  circular  area  of  250  square 
feet.  Every  care  was  taken  in  the  construction  of  the  tank  to  in- 
sure an  accurate  gauge  throughout  its  whole  height.    The  16  inch 
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pipe  shown  in  Plate  1  connects  the  water  sealed  valves  to  the 
tank.  These  valves  are  so  arranged  that  the  air  can  be  admitted 
to  or  shut  off  from  the  tank  instantly.  To  the  apex  of  the  tank 
is  attached  a  standard  steel  tape,  divided  into  tenths  and  hun- 
dredths of  a  foot.  This  tape  runs  over  pulleys  and  is  so  arranged 
that  the  reading  of  the  rise  of  the  tank  is  taken  close  to  where  the 
compressed  air-regulating  valves  are  manipulated.  The  tape 
runs  against  a  parallel  strip  of  wood  on  which  slides  a  strip  of 
brass,  the  tape  running  between  the  brass  and  the  wood.  The 
brass  strip  is  gibbed  round  the  edges  of  the  board  and  may  be 
moved  up  or  down  as  the  operator  desires.  In  this  way  the 
reading  may  begin  at  zero  or  any  other  starting  point.  The 
expanded  compressed  air  is  admitted  to  the  tank  through  the 
aforementioned  16  inch  pipe.  The  water  sealed  trip  valve  V4 
is  attached  to  the  outer  end  of  this  pipe.  Round  the  valve  there 
is  a  double  casing,  containing  a  recess  filled  with  water.  A 
very  deep  rim  cover  of  sheet  metal  seals  the  top  of  the  valve  case, 
the  edge  of  the  rim  being  submerged  18  inches  in  the  water  of 
the  recess.  This  provides  a  light  resistance  to  minimise  the  shock 
of  opening  and  shutting  the  valves  when  testing  with  a  large 
volume  of  air. 

The  meter  to  be  tested  is  placed  as  at  M  in  Plate  1.  Air 
under  pressure  flows  through  a  6  inch  pipe  in  the  direction  in- 
dicated by  the  arrow  and  is  admitted  to  the  meter  through  valves 
VI  and  V2.  The  object  of  the  valve  VI  is  to  provide  for  repeated 
tests  of  the  same  flow,  the  closing  of  VI  shutting  off  the  air 
without  disturbing  the  settings  of  the  other  valves.  Fine  ad- 
justments are  made  through  the  bypasses  B.P.  1,  B.P.  2,  and 
G.P.  3.  The  pressure  in  the  pipe  line  is  indicated  by  the  gauge 
B.  1,  whilst  gauge  G  2  indicates  the  pressure  at  the  meter.  The 
temperature  of  the  air  passing  through  the  meter  is  indicated 
by  thermometer  T  1  placed  in  a  mercury  well  in  the  meter;  ther- 
mometer T  2  gives  the  temperature  of  the  air  expanded  to  at- 
mospheric pressure  in  the  tank.  The  trip  valve  V  4  has  three 
positions;  these  are  shown  on  the  plate  by  dotted  lines.  These 
movements  are  executed  by  means  of  a  long  rod  handle|in  front 
of  the  valves  and  meter  (see  upper  section  in  Plate  1).  When 
tipped  to  the  left  it  hermetically  seals  the  tank;  in  this  position 
the  air  passing  through  the  meter  has  free  access  to  the  atmos- 
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phere  through  pipe  P2 ;  in  this  way  air  passing  through  the  meter 
for  flow  adjustment  does  not  enter  the  tank.  When  vertical 
the  air  in  the  tank  is  open  to  the  atmosphere  and  air  may  be 
drawn  out  of  the  tank  by  means  of  an  induction  nozzle  placed 
in  pipe  P2.  This  is  done  by  opening  valve  Vo  which  admits 
compressed  air  to  the  nozzle  causing  a  partial  vacuum  in  pipe  P2 
and  consequently  inducing  a  suction  which  exhausts  the  tank. 
When  tipped  to  the  right  all  air  passing  through  the  meter  is 
hermetically  sealed  from  the  atmosphere. 

Before  describing  the  test  proper  it  may  be  as  well  to 
define  exactly  of  what  a  test  consists.  The  method  adopted 
by  the  writer  was  to  test  in  progressive  steps,  that  is,  at  different 
flows  per  minute,  ranging  from  a  very  low  flow  to  the  full  cap- 
acity of  the  meter.  A  final  c>-cle  test  was  then  made.  With 
the  meter  in  position  and  everything  in  readiness  the  test  is 
performed  as  follows: — The  tank  is  exhausted  until  its  zero 
point  sinks  to  the  water  line,  and  all  valves  are  closed.  \'l  is 
then  opened  wide,  whilst  V2  and  \'3  are  opened  only  slightly, 
adjustment  being  made  until  the  meter  indicator  shows  .1  inch 
rise.  This  shows  the  approximate  volume  of  air  passing  through 
the  meter  per  minute.  It  is  necessary  to  bear  in  mind  that  the 
air  in  the  pipe  line  continues  at  practically  a  constant  pressure 
of  110-112  lbs.  but  all  air  passing  the  meter  is  throttled  down 
to  100  lbs.  pressure.  Air  is  allowed  to  pass  through  the  meter 
until  thermometer  Tl  shows  no  change  in  temperature.  At  the 
same  time  the  meter  dial  (0  is  closely  watched  until  the  pointer 
reaches  a  previously  determined  number.  On  the  instant  that 
this  number  is  reached  the  trip  vah'e  V4  is  tipped  to  the  right 
thus  shutting  oft"  the  tank  from  communication  with  the  atmos- 
phere and  opening  it  to  the  discharge  of  expanded  compressed 
air  from  the  meter.  Immediately  the  tank  begins  to  rise,  this 
fact  being  registered  on  the  steel  tape  which  has  already  been  set 
at  zero  by  means  of  the  brass  strip.  As  soon  as  the  meter 
indicates  the  passage  of  so  many  cubic  feet  of  air  V4  is  tipped 
to  the  left.  This  action  hermetically  seals  the  air  in  the  tank 
and  allows  the  air  from  the  meter  to  pass  into  the  atmosphere. 


(1)  This  dial  is  attached  to  the  shaft  which  drives  the  recording  mechanism 
and  from  the  readings  of  this  dial  volume  readings  are  computed  by  means 
of  special  gears  working  between  the  recording  dials  and  shaft. 
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Readings  of  the  tank  movement  and  of  the  two  thermometers  are 
now  taken.  A  calculation  is  made  in  which  the  volume  of  free 
air  represented  by  the  tank  movement  is  reduced  to  the  volume 
it  would  occupy  at  100  lbs.  pressure.  This  volumxC  together  with 
the  volume  shown  by  the  meter  is  corrected  to  60°  F.,  and  the  two 
compared.  This  is  the  progressive  test  and  the  results  of  one 
such  progressive  test  made  with  a  meter  designed  by  the  writer 
are  given  in  Table  1  ( ") .  It  will  be  noticed  that  the  steps  consist 
of  increases  of  .1  inch  up  to  1  inch  and  of  .5  inch  from  1  inch  to 
4  inches.  The  table  scarcely  requires  explanation  and  perhaps 
it  is  only  necessary  to  say  that  in  order  to  find  the  volume  of 
free  air  contained  in  the  tank  for  any  one  movement  multiply 
that  movement  by  250  square  feet. 

TABLE  1 

Progressive  Test  of  Meter  No.  202 


Valve 

Tank 
Mov. 

Tem'tures 

Tank 
Time 

Dial 
Rev. 

Meter  Time 

Speed 

Cu.  Ft. 

Min. 

Cu.  Ft. 

Mov. 

Meter 

Tank 

Rev. 

.1" 

2.202 

36 

45 

13 

1.000 

12'-32.2" 

59 . 75" 

5.592 

70.10 

.2" 

2.395 

36 

46 

9 

1.002 

8'-38" 

59.75" 

8.768 

75.55 

.3" 

2.233 

38 

46 

6 

.999 

6'-8.6" 

59.75" 

12.262 

75.41 

.4" 

2.396 

34 

45 

5 

1.003 

4'-43.9" 

59.75" 

15.82 

74.6 

.5" 

2.349 

35 

48 

4 

1.013 

3'-54.2" 

59.8" 

19.274 

74.26 

.6" 

4.851 

33 

45 

7 

2.020 

6'-33.3" 

59.7" 

22.852 

74.15 

.7" 

4.921 

34 

47 

6 

2.007 

5'-34" 

59.75" 

26.92 

74.65 

.8" 

4.73 

33 

45 

5 

2.019 

4'-48.8" 

.59.7" 

31.23 

74.45 

.9" 

5.37 

34 

45 

5 

2.002 

4'-13.7" 

59.7" 

35.45 

74.87 

1.0" 

4.854 

34 

45 

4 

1.991 

3'-43.7" 

59.7" 

40.10 

75.08 

1.5" 

8.285 

28 

38 

4 

2.998 

3'-14.5" 

59.85" 

69.307 

74.92 

2.0" 

9.47 

27 

36 

3 

4.023 

2'-49.9" 

60.0" 

106.03 

74.62 

2.5" 

10.00 

25 

35 

2'-12" 

5.964 

2'-54.8" 

59.93" 

152.97 

74.71 

3.0" 

10.00 

25 

35 

l'-33" 

5.941 

2'-4.6" 

59.8" 

217.11 

75.88 

3.5" 

10.00 

25 

35 

l'-7.8" 

8.115 

2'-4 . 5" 

59.8" 

297.82 

76.18 

4.0" 

10.00 

25 

35 

0'-52.8" 

5.000 

l'-0.2" 

60.2" 

381.7 

76.59 

Average   Flow   per    Rev.    74.75 


TABLE  2 

Cycle  Tests  from  Zero  to  36%  of  Capacity  and  from  ^0%  to  full  Capacity,  also  from  Zero 
to  full  Capacity,  gradually  increasing  and  diminishing  the  Flow. 


Valve 
Mov. 

Tank 
Mov. 

Temperatures 
Meter            Tank 

Dial 
Rev. 

Cu.  Ft.  Rev. 

%  of  Error 

0-2 

11.2 

34                   42 

5.0 

74.38 

-.49 

0-2 

11.17 

34                   42 

5.0 

74.32 

-.58 

2-4 

11.08 

28                   40 

4.995 

73.94 

-1.08 

0-4 

11.2 

30                   40 

5.0 

74.66 

-.12 

(2)    The  column  entitled  "Speed"  in  Table  1  is  for  the  purpose  of  checking 
the  working  of  the  meter  during  a  test. 
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Table  II  gives  the  results  of  a  cycle  test  made  with  the  same 
meter.  The  operation  is  after  the  manner  of  the  foregoing  one. 
As  always,  at  the  commencement  of  a  test  the  tank  is  exhausted 
to  zero  and  all  valves  are  closed.  V4  is  tipped  to  the  right  so 
that  as  soon  as  air  begins  to  pass  through  the  meter  the  tank  will 
begin  to  rise:  V3  is  shut  tight:  VI  is  opened  wide  and  V2  is 
slightly  opened  until  the  meter  pressure  gauge  indicates  100  lbs. 
pressure.  The  working  of  the  meter  is  precisely  the  same  as 
in  the  progressive  test.  Instead  of  opening  V2  and  V3  in  steps 
they  are  opened  slowly  and  gradually  until  the  full  capacity  of 
the  meter  is  attained;  the  rate  of  the  valve  movement  is  judged 
according  to  the  movement  of  the  tank.  The  pressure  on  the 
meter  all  this  time  is  strictly  maintained  at  100  lbs.  When  the 
full  capacity  of  the  meter  is  reached  V2  and  V3  are  simultaneously 
shut  off  slowly  and  gradually  until  they  are  tightly  closed. 
To  guard  against  inaccurate  readings  through  possible  valve 
leakages  ¥4  is  tipped  to  the  left  sealing  the  tank  from  communi- 
cation with  the  meter.  The  tank  movement  is  read  and  tempera- 
tures noted.  The  volumes  indicated  by  the  meter  and  com- 
puted from  the  tank  movement  are  corrected  as  before  to  100 
lbs.  pressure  and  60°  F.  and  compared. 

The  cycle  test  does  not  of  necessity  imply  that  the  full 
range  of  the  meter  is  tested  at  once.  As  Table  II  shows,  the  cycle 
test  itself  may  be  taken  in  steps.  The  important  point  to  notice 
in  cycle  tests,  however,  is  this,  that  whether  the  full  capacity 
or  partial  capacity  be  tested  the  operation  is  done  gradually 
in  an  increasing  and  a  diminishing  degree,  being  the  general 
condition  of  meter  operation  in  service. 

With  such  an  apparatus  then  as  that  represented  on  Plate 
1  the  testing  of  the  meters  is  simplicity  itself,  yet  despite  its 
simplicity  and  accuracy  it  possessed  the  disadvantage  that  the 
meter  to  be  tested  had  to  be  taken  to  it.  How  to  provide  a 
thoroughly  true  and  even  simpler  test  for  the  accuracy  of  meters 
at  a  distance  was  the  question  which  the  writer  put  himself  to 
answer.  To  this  end  a  number  of  deeply  interesting  experiments 
were  made  with  nozzles  of  different  sizes,  viz.  /S  in.,  J4  in.  and 
lin.  bores.  These  different  sizes  were  used  in  order  to  establish  a 
basis  of  computation  by  which  any  sized  nozzle  could  be  made  and 
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reliable  results  obtained.  Every  care  was  taken  in  the  construc- 
tion of  these  nozzles  to  insure  a  perfectly  dimensioned  article 
into  which  Brown  and  Sharp's  Standard  Plug  Gauges  snugly 
fitted.  On  Plate  IV  is  shown  a  general  cross  section  of  these 
nozzles;  in  each  case  both  the  parallel  length  of  the  bore  and  the 
radius  of  the  bell  of  the  nozzle  equals  two  diameters  of  the  bore. 
The  nozzle  is  such  that  an  unvarying  flow  of  air  is  obtained  under 
any  pressure. 

On  Plate  I  is  shown  the  arrangement  by  which  the  nozzles 
are  tested.  The  nozzle  is  screwed  into  a  plate  covering  the  end 
of  an  8  in.  pipe,  4  feet  long;  it  discharges  into  a  14  in.  pipe, 
8  feet  long;  thence  the  air  passes  through  a  G  in.  pipe  and  gate 
valve  into  the  trip  valve  V4.  Close  to  the  nozzle  end  of  the 
14  in.  pipe  (the  discharge  chamber)  is  a  U-tube  of  water  fitting 
into  a  gauge  hole.  The  passage  of  a  heavy  flow  of  air  through 
the  nozzle  causes  a  suction  in  the  discharge  chamber  so  that  the 
pressure  here  falls  below  that  of  the  atmosphere.  This  is 
shown  by  the  U-tubc  gauge.  Since  it  is  necessary  to  maintain 
the  pressure  in  this  chamber  at  a  standard  (atmospheric)  the 
gate  valve  is  introduced  as  a  regulator,  for  a  fall  in  pressure  in 
the  discharge  chamber  is  remedied  by  a  partial  closing  of  the 
gate  valve,  until  the  water  in  the  U-tube  comes  to  a  level.  On 
the  pressure  side  of  the  nozzle  and  connected  to  the  8  in.  pipe 
is  a  pressure  gauge  and  thermometer  which  respectively  indicate 
the  pressure  and  temperature  of  the  air  entering  the  nozzle. 
The  air  entering  this  8  in.  pipe  is  compressed  by  the  hydraulic 
compressor  and  delivered  through  a  distance  of  half  a  mile, 
20  in.  pipe  being  used  over  half  this  distance  and  6  in.  pipe  over 
the  remainder.  This  compressed  air  contains  a  normal  mois- 
ture of  air  under  pressure.  At  the  end  of  the  8  in.  pipe,  at 
which  the  air  enters,  is  placed  a  bafifle  plate  the  purpose  of  this 
being  to  distribute  the  flow  of  the  air  evenly  through  the  pipe. 
In  this  case  the  plate  consisted  of  a  concave  piece  of  sheet  metal 
pierced  with  holes. 

In  testing  these  nozzles  a  U-tube  of  water  was  first  used 
to  maintain  the  pressure.  The  nozzles  were  tested  at  the  differ- 
ent pressures  in  progressive  runs.  With  the  U-tube  of  water  the 
runs  advanced  .05  lb.  up  to  2  lbs.  at  which  point  the  U-tube 
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was  replaced  by  a  mercury  tube  and  the  runs  continued  in  vary- 
ing advances  from  2  lbs.  to  14  lbs.  (see  Table  III).     A  Crosby 

TABLE  3 

Yi   IN.  Nozzle  Calibration 
Pressure  held  with  water  column. 


t-l 

Lbs. 
Press 

Temperatures 

Tank 
Mov.  Ft. 

Bar 

ft- .J 

Time 
Min. 

Ui 

Nozzle 

Tank 

t% 

~'< 

3        \. 

U 

u     ^ 

.115 

.05 

65 

62 

.299 

74.75 

84.5 

4.963 

29.13 

15 

.23 

.10 

66 

62 

.304 

76.0 

75.696 

7.569 

29.13 

10 

.345 

.15 

66 

62 

.39 

97.5 

97.11 

9.711 

29.12 

10 

.46 

.20 

65 

62 

.461 

115.25 

114.789 

11.479 

29.10 

10 

.575 

.25 

65 

62 

.523 

130.75 

130.227 

13.022 

29.11 

10 

.69 

.30 

64 

61 

.58 

145.0 

144.71 

14.471 

29.12 

10 

.805 

.35 

67 

62 

.636 

159.1 

158.36 

15.836 

29.16 

10 

.92 

.40 

62 

60 

.676 

169.0 

169.0 

16.9 

29.11 

10 

1.035 

.45 

49 

58 

.7272 

181.8 

182.527 

18.252 

29.15 

10 

1.15 

.50 

49 

58 

.77 

192.5 

193.27 

19.327 

29.16 

10 

1.38 

.60 

58 

58 

.846 

211.5 

212.346 

21.234 

29.15 

10 

1.61 

.70 

65 

59 

.903 

225.75 

226.201 

22.62 

29.16 

10 

1.84 

.80 

66 

60 

.99 

247.5 

247.5 

24.75 

29.16 

10 

2.07 

.90 

65 

61 

1.047 

261.75 

261.226 

26.122 

29.16 

10 

2.30 

1.00 

64 

61 

1.12 

280.0 

279.44 

27.944 

29.17 

10 

Pressure  held  with  mercury  column 


Inches 
M'cry 
2.036 
2.24 
2.443 
2.645 
2.85 
3.054 
3.258 
3.461 
3.665 
3.868 
4.072 
4.479 
4.886 
5.293 
5.70 
6. 108 
6.515 
6.922 
7.33 
7.737 
8.144 
9.162 
10.18 
11.201 
12.22 
14.256 
16.293 
18.329 
20.366 
22.403 
24.439 
26.476 
28.152 


1.00 

53 

59 

1.113 

278.25 

1.10 

54 

59 

1.174 

293.5 

1.20 

55 

59 

1.235 

308.75 

1.30 

56 

60 

1.274 

318.5 

1.40 

56 

60 

1.32 

330.0 

1.50 

58 

60 

1.366 

341.5 

1.60 

63 

60 

1.413 

353.25 

1.70 

66 

60 

1.476 

369.0 

1.80 

61 

62 

1.506 

376.5 

1.90 

62 

63 

1.567 

391.75 

2.00 

64 

64 

1.607 

401.75 

2.20 

65 

64 

1.69 

422.5 

2.40 

65 

64 

1.757 

439.25 

2.60 

66 

64 

1.823 

455.75 

2.80 

67 

64 

1.88 

470.0 

3.00 

67 

65 

1.95 

487.5 

3.20 

67 

65 

2.021 

505.25 

3.40 

67 

65 

2.085 

521.25 

3.60 

67 

65 

2.154 

.5.38.5     ' 

3.80 

66 

65 

2.209 

552.25  i 

4.00 

66 

64 

2.261 

565.25 

4.50 

62 

59 

2.38 

595.0     i 

5.00 

66 

59 

2.508 

627.0 

5.50 

65 

59 

2.633 

658.25 

6.00 

65 

59 

2.755 

688.75 

7.00 

64 

60 

2.97 

742.5 

8.00 

64 

60 

3.163 

790.75 

9.00 

64 

61 

3.351 

8.37.75  - 

10.00 

64 

59 

3.539 

884.75 

11.00 

65 

59 

3.70 

925.0     ; 

12.00 

65 

59 

3.867 

966.75 

13.00 

63 

59 

4.02 

1005.0     , 

14.00 

63 

60 

4.163 

1040.75 

278.8 

294.087 

308 . 367 

318.5 

330.0 

341.5 

353.25 

369.0 

374.994 

389 . 399 

398 . 536 

419.12 

435 . 736 

452.104 

466 . 24 
482 . 625 
.500 .  197 
516.037 
533.115 
546.727 
560.728 
596.19 

628 . 25 
659.566 
690.127 
742.5 
790.75 
836.074 
886.519 
926.85 
968 . 683 

1007.01 
1040.75 


27.88 
29.408 
30.836 
31.85 
33.0 
34.15 
35.325 
36.9 
37.5 
38.94 
39 . 853 
41.912 
43 . 573 
45.21 
46 . 624 
48.262 
50.02 
51.604 
53.31 
54 . 672 
56.072 
59.619 
62 . 825 
65.956 
69.013 
74.25 
79.075 
83.607 
88.65 
92.68 
96.868 
100.701 
104.075 


28.61 
28.60 
28.60 
28.59 
28.59 
28.58 
28.59 
28.58 
28.55 
28.54 
28.52 
28.53 
28.52 
28.52 
28.51 
28.53 
28.52 
28.51 
28.52 
28.53 
28.53 
28.79 
28.79 
28.82 
28.83 
28.83 
28.83 
28.83 
28.83 
28.85 
28.84 
28.90 
28.90 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
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TABLE  3.— Contd. 


Pressure  held  with  Crosby  dead-weight  Gauge  Tester 


Temperatures 

Tank 
Mov.  Ft. 

fe.S 

Ft.  Free 
r  60°  F. 

Ft.  Free 
per  Min. 
50°  F. 

Bar 

Gauge 
Tester 

i 

Time 
Min. 

Nozzle 

Tank 

6< 

=  < 

d.t 

U 

U< 

1.5.0 

63     ! 

58 

4.332 

1083.0 

1087.33 

108,73 

28.91 

10 

17.0 

63     1 

60 

4.624 

1156.0 

1156.0 

115.0 

28.90 

10 

19.0 

63     I 

62 

4.895 

1223.75 

1218.85.5 

121.8855 

28.93 

10 

21.0 

63 

63 

5.203 

1300.75 

1292.945 

129.294 

28.93 

10 

23.0 

63     i 

63 

5.49 

1372.5 

1364.265 

136.426 

28.94 

10 

25.0 

63     ; 

63 

5.82 

14.55.0 

1446.27 

144.627 

28.93 

10 

30.0 

62 

63 

3.89 

972.5 

966.66 

161.11 

28.93 

0 

35.0 

63 

58 

4.34 

1085.0 

1089.34 

181.56 

28.95 

6 

40.0 

62 

62 

4.775 

1193.75 

1188.975 

198.10 

28.95 

6 

45.0 

62     i 

62 

5.214 

1303.5 

1298.280 

216.38 

28 ,  95 

6 

50.0 

62     ' 

62 

5.658 

1414.5 

1408.842 

234.81 

28,96 

6 

55.0 

63     1 

62 

6.102 

1525.5 

1519.398 

253.23 

28.95 

6 

60.0 

62.5 

62 

6.541 

1635.25 

1028.709 

271.45 

28.97 

6 

65.0 

62.5 

62 

6.981 

1745.25 

1738.269 

289.71 

28.98 

6 

70.0 

62.5 

60 

7.411 

1852.75 

1852.75 

308.79 

28.98 

6 

75.0 

62     1 

61 

7.866 

1906.5 

1962.56 

327.09 

28.98 

6 

80.0 

62     1 

61 

8.32 

2080.0 

2075 . 84 

345.97 

28.98 

6 

85.0 

62     1 

61 

8,749 

2187.25 

2182.87 

303.81 

28.99 

6 

90.0 

62 

61 

9.173 

2293.25 

2288.66 

381.44 

29.00 

6 

95.0 

61.5 

55 

9.633 

2408.25 

2432.33 

405,4 

28.99 

6 

100.0 

62 

54 

10.079 

2519.7 

2550.188 

425,03 

28.99 

6 

105.0 

63     1 

54 

10.494 

2623 . 5 

2655.24 

442 , 54 

28.99 

6 

110.0 

65 

54 

9.122 

2280.5 

2308.09 

461,6 

28.98 

5 

115.0 

66     ! 

54 

9.465 

2366.25 

2394.88 

478.97 

28.99 

5 

Note. 

To  gauge  the  quantity  of  air  being  used  in  all  sorts  of  machines  deriving  their  motive  power 
from  compressed  air  this  table  provides  a  ready  means  of  calculation.  If,  for  instance,  it  is 
desjred  to  determine  the  consumption  of  a  rock  drill  it  is  only  necessary  to  employ  a  length 
of  0  in.  pipe,  one  end  of  it  being  connected  to  the  exhaust  whilst  the  other  end  is  screwed  to  a 
1  in.  nozzle,  of  the  form  shown  in  Plate  IV'.  Attach  a  mercury  gauge  (preferably  of  the  U-tube 
type)  to  this  pipe  carefully  observe  the  deflection.  From  the  amount  of  this  deflection  (mea- 
sured in  inches  of  mercury)  the  pressure  passing  through  the  nozzle  may  be  easily  calculated, 
and  the  result  checked  by  reference  to  either  Table  III  or  Plate  III. 

Table  III  and  Plate  IV  may  be  used  in  conjunction  in  checking  the  reading  of  meter  by 
means  of  a  nozzle.  A  valve  is  placed  on  the  discharge  side  of  the  meter  and  to  the  valve  is 
connected  the  check  nozzle  by  means  of  a  pipe  with  diameter  great  enough  to  give  a  low  ap- 
proach velocity  to  the  nozzle.  Air  is  pas-^ed  through  the  meter  at  a  certain  capacity.  By 
the  pressure  deflection  at  the  nozzle  the  volume  flowing  may  be  readily  obtained  from  Plate 
IV  or  Table  III  and  this  volume  compared  with  that  indicated  by  the  meter. 


dead  weight  gauge  tester  now  took  the  place  of  the  mercury 
tube  and  the  runs  were  advanced  by  2  fts.  from  14  lbs,  up  to 
30  lbs.  and  by  5  lbs.  from  30  fts.  up  to  120  His.  All  of  these  tests 
were  made  in  periods  of  from  5  to  10  minutes  duration.  Baro- 
meter readings  were  taken  throughout  all  the  tests  and  correc- 
tions made  for  variations.  Each  test  with  the  nozzles  is 
made  as  follows.  The  trip  valve  is  tipped  to  the  left:  VI  being 
opened  wide  air  is  admitted  and  adjusted  to  the  nozzle  through 
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V2  and  bypasses.  The  flow  is  accurately  set  to  the  pressure 
being  tested  through  the  nozzle.  The  flow  continues  suff'iciently 
long  to  obtain  a  constant  temperature.  The  gate  valve  on  the 
discharge  of  the  14  inch  pipe  is  adjusted  until  the  U-tube  of  water 
shows  no  deflection  between  pressure  inside  the  discharge  cham- 
ber and  the  atmospheric  pressure  outside.  All  being  properly 
set  and  in  perfect  adjustment  the  brass  indicator  was  slid  up 
the  tape  a  few  inches  higher  than  the  starting  point.  The  air 
is  now  admitted  into  the  tank  by  tipping  V4  to  the  right.  The 
tape  is  watched  and  timed  by  two  accurate  stop  watches  which 
are  started  the  instant  the  starting  point  on  the  tape  passes 
the  edge  of  the  brass  strip  and  stopped  exactly  when  the  tank 
has  risen  to  a  height  previously  determined.  The  volume  of 
air  in  the  tank  is  corrected  to  60°  F.  as  in  the  case  of  the  tests  on 
meters,  and  the  volume  per  minute  obtained  by  division.  Great 
care  is  exercised  in  obtaining  correct  readings  of  th£  temperature 
of  the  tank  before  and  after  each  test  is  made,  and  correction 
to  60°  F.  carefully  calculated,  so  that  the  curves  shown  on  Plates 
II,  III  and  IV  are  all  based  on  this  temperature.  For  compari- 
sons the  writer  had  a  |  inch  hole  accurately  bored  in  a  %  inch 
plate  and  tested  under  the  same  differences  of  pressure.  The 
results  obtained  in  this  |  inch' orifice  test  are  plotted  and  shown 
graphically  on  Plate  IV.  With  reference  to  the  curve  plates  it 
may  be  said  that  Plate  II  shows  the  flow  of  air 
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80 
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100  lbs.  pressure  exhausting  against  any  lower  pressure. 
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Plate  III  is  Nozzle  calibration  at  low  pressure. 

Plate  IV  is  Nozzle  and  Orifice  calibration  at  high  pressure. 

Plate  II  shows  a  very  interesting  curve.  It  will  be  observed 
that  the  dotted  line  called  "Line  of  Critical  Point"  joins  the  points 
on  the  curves  where  they  turn  downwards  to  descend  vertically. 
When  this  critical  line  is  continued  to  the  left  it  strikes  the  pres- 
sure line  at  a  point  14.7  lbs.  below  zero  gauge  pressure  or  atmos- 


3snv9  Ni  6s   ti3ci  3anss3ad  sai 


212 


Measurement  of  Compressed  Air — Taylor 


pheric  pressure.  This  point  indicates  the  absolute  pressure. 
Also  the  turning  parts  of  the  curves  (where  the  critical  line 
crosses  them)  are  at  points  corresponding  to  the  half  absolute 
pressure  in  each  case.  Hence  this  Plate,  taking  different  maxi- 
mum pressures,  shows  that  the  air  discharging  against  any  pres- 
sure less  than  the  maximum  is  constant  from  absolute  to  half 
absolute  pressure.  The  method  of  reading  the  plate  will  be 
best  illustrated  by  means  of  an  example.  Suppose  that  it  is 
desired  to  determine  the  number  of  cubic  feet  of  free  air  passing 
per  minute  through  a  |  inch  nozzle  between  the  pressures  80  lbs. 
and  65  lbs.  Find  the  point  on  the  pressure  line  corresponding 
to  65  lbs.  from  this  point  draw  a  line  parallel  with  the  base  or 
volume  line  until  it  crosses  the  curve  starting  from  the  80  lbs. 
point.  From  this  intersection  drop  a  vertical  line  to  the  base 
line  and  where  it  crosses  this  line  will  be  read  the  volume  of  free 
air  passing  per  minute.  In  this  case  the  reading  will  be  found 
to  be  about  261  cubic  feet. 

It  has  been  already  stated  that  the  object  of  testing  nozzles 
of  different  sizes  was  to  attempt  to  establish  a  system  of  cal- 
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culation  whereby  flows  for  a  nozzle  of  any  dimension  could  be 
easily  ascertained.  Throughout  all  of  the  tests  made  with  the 
}i  inch,  X  inch  and  J2  inch  nozzles  this  rule  was  found  to  hold 
true  practically;  the  ratio  of  the  volumes  of  free  air  passing  at 
60°  F.  through  the  different  nozzles  at  any  specified  pressure 
were  in  direct  proportion  as  the  squares  of  the  bores  of  the 
nozzles.    That  this  is  so  may  be  seen  by  reference  to  Plate  IV. 

Of  the  two  systems  of  calibration  that  of  the  nozzle 
is  much  to  be  preferred.  Reliable  calibration  by  orifices  is 
almost  an  impossibility  as  it  is  extremely  difficult  to  caliper 
a  knife  edge  orifice  with  the  necessary  degree  of  accuracy.  Ac- 
curate nozzles,  on  the  other  hand,  are  comparatively  easy  to 
caliper. 

It  is  worthy  of  observation  that  in  these  nozzle  tests  an 
instance  of  divergence  from  theory  was  met  with.  It  is  generally 
supposed  that  a  greater  volume  flow  is  obtained  at  a  lower 
temperature  than  at  a  higher  one  when  corrected  after  discharge 
to  60°  F.  The  writer  did  not  find  this  to  hold  true  in  his  experi- 
ments. On  the  contrary  it  was  found  that  when  the  volume 
flows  were  corrected  to  standard  temperature  an  erratic  graph 
was  obtained  when  the  points  were  plotted.  This  fact  was 
incomprehensible  at  first  until  it  was  decided  to  pay  no  attention 
to  the  nozzle  temperature  at  all  so  far  as  making  correction  for 
it  was  concerned  although  a  record  of  the  nozzle  temperature 
was  taken.  When  this  was  done  the  graph  obtained  was  a  smooth 
regular  curve.  A  difference  of  as  much  as  40°-45°  F.  on  different 
days  showed  scarcely  any  perceptible  variation  in  volume. 
The  results  arrived  at,  it  must  not  be  forgotten,  are  from  experi- 
ments in  which  hydraulic  compressed  air  is  used;  this  air  is 
normally  dry.  It  is  difficult  to  see  why  hydraulic  compressed 
air  should  differ  at  all  from  mechanically  compressed  air  in  this 
respect  (both  being  considered  under  the  same  condition  of 
moisture  at  60°  F.). 

Though  difference  in  either  atmospheric  temperature  or 
pressure  produced  but  a  slight  variation  in  the  volume  flows  it 
is  a  remarkable  fact  that  on  different  days,  having  the  same 
temperature  and  pressure  and  other  conditions  being  precisely 
similar,  variations  in  the  volumes  flowing  through  the  nozzle 
amounting  to  as  much  as  1.5 %  were  registered.     These  variations 
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were  particularly  noticeable  on  either  bright  clear  days  or  dull 
cloudy  ones.  The  fact  that  such  a  variation  does  undoubtedly 
exist  is  a  peculiar  one  when  it  is  considered  that  the  air  used  in 
all  these  tests  was  a  constant,  that  is,  the  conditions  of  its  com- 
pression and  of  its  testing  never  varied  excepting  of  course 
the  conditions  of  the  atmospheric  pressure  and  temperature. 
The  question  why  this  should  be  so  opens  out  quite  a  field  of 
speculation  and  provides  plenty  of  matter  for  further  investiga- 
tion. 

At  each  of  the  mines  is  one  of  the  meters  which  the  writer 
designed  to  fulfil  the  requirements  of  registration.  Behind  the 
meter  is  a  limit  valve.  As  its  name  implies  the  object  of  this 
valve  is  to  limit  the  amount  of  air  passing  through  the  meter. 
By  it  each  consumer  gets  his  contract  volume  of  air  but  no  more. 
The  air  passes  through  the  valve  freely  until  the  contract  point 
is  reached  when  it  automatically  shuts  off  any  excess  beyond  the 
peak  load  of  contract  volume.  These  valves  are  so  constructed 
that  in  order  to  adapt  them  to  different  flows  it  is  only  necessary 
to  change  a  thin  orifice  plate.  The  automatic  arrangement 
besides  regulating  the  contract  flow  also  guards  the  meter  from 
a  flow  in  excess  of  its  capacity.  At  the  same  time  this  valve 
does  not  affect  the  pressure  until  the  full  limit  of  contract  vol- 
ume, or  volume  it  is  set  for,  is  reached. 

With  regard  to  the  pressure  in  the  pipe  line  and  distributed 
to  the  several  consumers  through  the  meters  it  may  be  mentioned 
that  when  the  writer  first  designed  the  pipe  line  it  was  planned  to 
maintain  an  average  pressure  of  120  lbs.  in  the  main,  supplying 
air  to  the  meters  through  reducing  valves.  Such  a  pressure  was 
more  than  enough  to  provide  for  loss  through  friction  and  yet 
give  to  the  consumers  a  steady  certain  supply  of  air  at  100  lbs. 
This  scheme  was  rendered  unfeasible  on  account  of  the  difficulty 
of  obtaining  reliable  reducing  valves.  Consequently  the  present 
system  was  adopted.  It  consists  of  maintaining  a  sufficiently 
high  pressure  at  the  compressor  plant  to  insure  a  distribution 
to  the  points  of  consumption  at  a  pressure  of  100-102  lbs.  The 
latter  scheme  worked  so  admirably  that  all  idea  of  employing 
reducing  valves  was  abandoned. 
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Discussion. 

Mr.  a.  H.  Sancton: — What  accuracy  can  be  obtained  on 
commercial  meters  to-day  as  shown  by  the  test  at  Cobalt? 

Mr.  C.  H.  Taylor: — I  do  not  think  you  will  find  any  meters 
used  by  the  Cobalt  Hydraulic  Power  Co.  that  run  with  an  error 
of  2%  or  2.5%  at  the  most.  If  you  take  a  cycle  test  of  any  of 
those  meters  they  will  run  within  5%  of  error,  taking  the  flow- 
as  it  is  generally  used.  There  may  be  in  certain  flows  of  the 
meter,  points  that  read  a  little  higher  or  a  little  lower  than  the 
average  but  not  more  than  2%. 

Mr.  Sancton: — What  effect  did  the  temperature  heive  in 
the  testing  of  your  nozzles? 

Mr.  Taylor: — With  a  difference  of  temperature  of  40  F. 
to  45  F.  I  did  not  find  it  affect  the  quantity  of  free  air  discharged 
through  the  nozzles.  To  verify  this  result  tests  were  taken 
during  the  hottest  part  of  the  day  and  again  at  three  o'clock 
in  the  morning  and  there  was  no  perceptible  difference  in  the 
results.  Of  course,  as  the  air  in  the  tank  is  in  a  confined  area 
it  is  always  corrected  to  60  F.  A  change  of  5  in  the  tempera- 
ture affects  the  volume  of  the  air  1%  approximately. 


NOTES     ON     MINE    SAMPLING 

By  G.  C.  Bateman,  Toronto,  Ont. 
{Antiiial  Meeting,  Ottawa,  March,  19/3) 

The  profession  of  the  examining  engineer  is  one  that  calls 
for  ability,  combined  with  experience  and  a  large  proportion 
of  sound  common  sense.  On  his  work  hinges  the  results  of  great 
operations;  and  the  proper  sampling  and  valuation  of  a  property 
is  the  basis  for  all  future  expenditures.  In  these  days  an  engineer 
must  fortify  his  opinion  by  facts  and  figures  and  these  data  must 
be  so  presented  as  to  be  readily  interpretable. 

In  sampling  a  mine,  experience  has  proven  that  a  number 
of  small  samples  are  better  than  a  few  large  ones.  While  the 
ultimate  average  value  of  an  ore  is  determined  by  the  mill  or 
smelter  returns,  there  is  as  much  opportunity  for  error  in  basing 
the  estimate  on  a  mill  run  of  a  few  tons,  as  there  would  be  were 
only  a  few  small  samples  taken;  as  the  inclusion  of  a  rich  por- 
tion would  salt  the  large  sample  to  almost  as  great  an  extent  as 
would  be  the  case  with  a  small  sample.  The  sample  taken  over 
too  large  an  area  also  tends  to  obscure  the  mistakes  which 
may  occur.  In  a  multiplicity  of  samples  lies  the  engineer's 
safeguard,  and  if  these  are  properly  taken  and  the  assays  in- 
telligently interpreted  and  calculated,  the  results  should,  within 
reasonable  limits,  represent  the  a\'cragc  values  to  be  obtained 
from  the  ores. 

In  the  examination  of  a  prospect,  the  available  data  are 
usually  very  meagre  and  the  engineer  must  take  into  considera- 
tion many  other  things  besides  the  actual  assay  values  of  the 
ore  exposed.  In  the  method  of  taking  the  samples,  a  certain 
latitude  is  allowable  because,  with  so  little  on  which  to  base  his 
conclusions,  the  personal  equation  of  the  engineer  must  necess- 
arily be  the  deciding  factor.  In  the  examination  of  developed 
or  partially  developed  mines,  however,  while  the  personal  equa- 
tion must  play  an  important  part  in  arriving  at  the  ultimate 
conclusions,  it  should  not  be  allowed  to  enter  into  the  sampling 
operations.     The  actual  sampling  in  itself  should  be  as  nearly 
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mechanical  as  possible  and  any  attempt  to  change  the  actual  re- 
sults should  not  be  made  until  all  the  data  are  at  hand. 

Probably  the  work  which  offers  the  greatest  difficulties  to 
the  engineer,  is  in  the  examination  of  a  mine  where  the  values 
are  erratic.  Notwithstanding  the  inclination  to  avoid  sampling 
the  richer  portions,  no  deviation  from  the  method  laid  down 
should  be  admitted  and  any  adjustments  necessary  can  be  better 
made  in  the  light  of  the  knowledge  gained  from  all  the  data. 
Several  courses  of  dealing  with  high  assays  are  open  to  the  en- 
gineer. Where  they  are  found,  the  sections  in  which  they  occur 
should  always  be  resampled.  If  the  resulting  assay  is  very  low, 
it  is  safer  to  take  the  low  assay,  but  where  the  two  results  are 
approximately  the  same,  it  is  safe  to  take  the  average  of  the  two. 
This  applies  to  those  mines  where  the  general  average  of  the  as- 
says is  low,  but  where  the  ore  body,  as  a  whole,  is  rendered  pro- 
fitable by  the  occurrence  of  a  number  of  these  rich  erratic  sec- 
tions. In  cases  of  this  sort,  it  is  usually  ad\'isable  to  figure  the 
results  at  their  full  value. 

In  mines,  where  these  rich  sections  are  of  infrequent  occur- 
rence, if  a  re-sampling  bears  out  the  original  result,  it  is  wise  to 
sample  midway  between  the  sections  on  each  side,  and  if  there 
is  a  more  or  less  gradual  falling  off  in  assay  values,  the  average 
of  the  three  sections  may  be  taken.  Another  method  is  to  take 
the  average  assay  of  several  of  the  neighbouring  sections  showing 
the  highest  values  which,  without  reduction,  can  be  used  in 
calculating  the  results,  and  substituting  this  average  for  the 
high  assays. 

From  a  survey  of  all  the  assay  results,  what  may  be  termed 
a  maximum  high  level  can  be  struck  and  all  the  highest  assays 
reduced  to  this.  As  a  final  step,  the  high  assays  may  be  omitted 
altogether.  This  latter  method  is,  however,  open  to  many 
objections  because  the  occurrence  of  these  high  assaj^s  indicates 
that  the  values  are  there  and  while,  of  course,  they  cannot  be 
expected  to  represent  the  average  assay  of  the  block  of  ground 
whose  height  is  the  distance  between  levels  and  whose  length 
is  the  distance  between  sample  sections,  they  do  carry  some 
weight  and  exert  a  certain  influence  upon  the  value  of  the  block 
and  are  therefore  entitled  to  careful  consideration.  The  method 
of  handling  high  assays,  must  however,  depend  upon  the  con- 
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ditions  at  the  individual  properties  and  no  method  of  discounting 
them  should  be  permitted  until  sufficient  information  is  obtained 
to  throw  a  clear  light  on  their  occurrence. 

When  starting  to  sample  a  mine,  it  is  always  necessary  to 
have  a  system  to  follow.  The  samplers  should  work  in  pairs, 
one  to  do  the  cutting  and  the  other  to  hold  the  box.  The  work 
can  be  divided  amongst  them,  preferably  allowing  the  men  to 
cut  alternate  samples.  It  is  also  advisable  to  have  one  of  each 
pair  a  technically  trained  man,  while  the  other  may  be  an  intelli- 
gent miner.  Young  college  graduates  are  usually  available  for 
this  class  of  work  and  when  properly  educated,  make  excellent 
samplers,  as  they  bring  a  trained  mind  to  the  work.  They  are 
also  more  apt  to  appreciate  the  necessity  for  extreme  care,  and 
take  more  interest,  thus  relieving  the  engineer  of  some  measure 
of  his  responsibility. 

The  sample  sections  should,  wherever  possible,  be  measured 
from  survey  stations  so  that  any  particular  sample  can  always  be 
re-located.  The  intervals  between  samples  should  also  be  rigidly 
adhered  to,  as  far  as  possible,  and  no  deviation  from  this  interval 
should  be  allowed  on  account  of  the  section  coming  at  some  spot 
which  to  the  eye  appears  to  be  either  rich  or  poor.  The  adjust- 
ments necessary  for  these  factors,  can  be  much  better  undertaken 
when  the  work  is  completed  and  all  the  assay  results  are  before 
the  engineer.  The  ordinary  precautions  to  be  taken  in  sampling 
a  mine,  are  so  well  known  that  it  is  not  necessary  to  consider 
them  in  a  paper  of  this  sort,  the  main  function  of  which  is  to 
deal  with  methods  of  taking  samples  and  tabulating  the  results. 
It  may  be  stated,  however,  that  the  usual  sampling  tools,  a 
moil  and  four  pound  hammer,  cannot  be  improved  upon.  It  will 
be  found  advantageous  to  have  some  of  the  moils  with  a  chisel 
bit  and  some  with  the  regular  point ;  and  they  should  not  be  too 
long,  generally  not  more  than  ten  inches.  In  certain  classes 
of  ores,  a  small  pneumatic  chipping  hammer  can  be  used  advan- 
tageously, but  in  all  cases  where  the  ore  varies  in  hardness,  or 
where  there  is  enrichment  along  softer  portions  or  fractures, 
more  accurate  sampling  and  better  results  can  be  obtained  by 
the  use  of  the  moil  and  hammer.  An  ordinary  prospector's 
pick  should  be  avoided  except  in  the  examination  of  small 
prospects,  where  it  can  sometimes  be  used  to  advantage. 
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For  catching  the  samples,  it  is  inadvisable  to  use  canvas, 
better  results  being  obtained  with  a  gold  pan  or  box.  A  useful 
substitute  for  this  is  an  ordinary  baker's  bread  pan  about  four- 
teen by  twenty  inches,  and  three  inches  deep.  It  offers  the 
advantage  of  being  light  and  easily  handled;  it  is  easily  cleaned 
and  has  no  sharp  square  corners  in  which  the  fines  may  stick. 
Where  the  ore  is  brittle  and  flies  readily  under  the  cutting  tool 
and  so  escapes  falling  into  the  pan,  it  is  sometimes  advisable 
to  make  a  wire  ring,  about  fourteen  inches  in  diameter,  with 
a  projecting  handle  and  form  a  receptacle  by  sewing  a  portion 
of  a  canvas  bag,  about  ten  inches  deep,  around  the  ring.  This 
can  be  manipulated  to  catch  all  the  sample  and  can  be  readily 
turned  inside  out  to  be  cleaned,  but  it  has  to  be  dumped  into  a 
pan  before  the  sample  is  put  into  the  sack,  otherwise  some  of 
the  ore  will  be  lost  in  transferring  it.  However,  when  the  man 
who  is  holding  the  pan  or  box  holds  his  gloved  hand  in  front 
of  the  cutting  edge  of  the  moil,  the  flying  pieces  readily  drop 
into  the  pan.  Small  acetylene  lamps  give  a  very  satisfactory 
light  to  work  by.  One  of  these  lamps  with  a  candle  hung  on 
to  the  edge  of  the  box  or  pan  is  amply  sufficient  for  a  pair  of  men. 

When  the  sampling  faces  have  been  located  and  cleaned, 
it  is  well  to  delineate  the  limits  of  the  sample  trench.  This  can 
be  done  with  chalk  or  by  passing  the  flame  of  the  acetylene 
lamp  along  two  parallel  lines.  This  latter  leaves  a  clearly  de- 
fined black  line  which  can  be  much  more  readily  distinguished 
than  the  chalk  mark.  The  distance  from  the  survey  station  or 
starting  point  should  also  be  marked  on  the  wall  opposite  each 
section. 

The  size  of  the  channel  varies  somewhat  with  the  ideas  of 
each  engineer.  A  channel,  four  inches  wide  and  about  three- 
quarters  of  an  inch  deep  gives  a  very  good  sample  and  if  carefully 
cut  should  give  as  accurate  results  as  would  be  obtained  by  tak- 
ing a  larger  quantity.  It  is  not  the  quantity  of  material  which  is 
taken  that  makes  for  an  accurate  sample,  but  the  care  and  intelli- 
gence with  which  it  is  cut. 

In  taking  samples,  the  writer  believes  in  cutting  short 
sections  in  preference  to  long  ones,  particularly  where  the  values 
are  not  evenly  distributed  or  where  the  ore  has  a  banded  struc- 
ture.    When  sampling  across  a  vein  eight  feet  wide,  it  is  preferable 
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to  split  this  up  into  three  sections  or  possibly  more,  than 
to  take  only  one  section  across  the  full  width  of  the  vein.  The 
only  objection  to  this  method  is  that  it  increases  the  number  of 
assays,  but  the  points  in  its  favour  are  so  many  and  pronounced 
that  the  slight  objection  of  extra  cost  for  assaying  counts  for 
very  little. 

In  taking  samples,  one  of  the  chief  points  is  to  get  the  same 
weight  of  material  from  each  portion  of  the  sample  trench,  and 
the  longer  the  section  the  greater  is  the  danger  of  making  this 
error.  With  the  short  sections,  the  danger  is  localized  and  the 
possibility  of  making  an  error  is  much  less.  There  is  also  less 
liability  of  salting  a  large  section  through  the  inclusion  of  a 
small  rich  stringer. 


Fig.  1 

By    taking    short   sections,    the   distribution    of   values    is 
accurately  determined;  and  the  stoping  width  which  will  permit 
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of  the  most  economical  operations  can  readily  be  found. 
By  taking  careful  notes,  valuable  information  regarding  the 
possibilities  of  sorting  can  also  be  obtained. 

This  method  also  does  away  with  the  difficulty  experienced 
in  sampling  the  back  of  drives,  where  the  face  of  the  ore  is 
very  irregular  as  the  sample  sections  can  be  broken  at  the 
desired  points. 

As  the  different  kinds  of  rock  are  sampled  separa;tely, 
a  geological  map  of  the  mine  is  obtained  at  the  same  time  that 
the  sampling  is  done,  so  that  by  sampling  in  short  sections, 
the  engineer  at  once  gets  the  average  assay  value  of  the  ore, 
the  distribution  of  values,  the  location  and  average  assay  of 
a  possible  pay  streak,  the  maximum  economical  stoping  width, 
information  as  to  the  possibilities  for  sorting,  and  the  geological 
characteristics  of  the  ore  body. 

When  sampling,  it  is  well  to  provide  that  the  samples  shall 
differentiate  characteristics  of  the  ore;  for  example,  if  in  a  vein, 
a  well  mineralized  section  is  found  to  adjoin  barren  looking  mat- 
erial, these  should  be  sampled  separately.  Alternating  bands 
in  a  vein  should  also  be  sampled  separately  and  in  cases  like 
these,  it  is  well  to  include  an  inch  or  so  of  the  apparently  barren 
ore  on  each  side  of  the  more  valuable  portion.  In  this  way, 
if  there  is  any  enrichment  along  the  contact  between  the  two 
different  classes  of  ore,  the  values  will  be  incllifled  in  the  class 
of  material  to  which  they  rightly  belong. 

The  length  of  the  individual  sections  will  vary  with  the 
character  of  the  ore  body  and  the  personal  idiosyncracies  of 
the  engineer;  but  unless  the  valuable  contents  of  the  ore  are 
uniformly  distributed,  it  is  seldom  advisable  that  the  sections 
should  be  over  three  feet  in  length  and  where  the  values  are 
inclined  to  be  concentrated  or  erratic,  a  maximum  of  about 
two  feet  is  better.  When  narrow  rich  streaks  are  encountered, 
the  sample  may  be  only  a  few  inches  in  length,  as  it  is  advisable 
to  sample  these  separately  unless  they  occur  very  close  together. 

In  sampling  a  vein,  narrower  than  the  stoping  width, 
the  vein  only  should  be  sampled,  care  being  taken  that  the 
measurements  for  width  are  at  right  angles  to  the  dip.     The 
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actual  width  sampled  may  be  greater  than  this,  but  as  long  as 
the  proper  measurements  of  the  vein  width  are  taken,  the  result 
will  be  correct. 


Fig.  2 

Where  the  vein  is  wider  than  the  drift  and  the  full  width 
is  exposed  only  by  crosscuts,  the  method  of  procedure  is  the 
same,  but  the  point  to  be  carefully  considered  is  whether  or  not 
the  drift  is  run  in  the  richer  portion  of  the  ores,  and  whether  the 
values  decrease  as  the  limits  of  the  ore  body  are  reached.  The 
samples  from  the  crosscuts  must  be  very  carefully  considered  in 
such  a  case.  In  ore  bodies  of  this  description,  particularly  with 
replacement  deposits  where  the  walls  are  defined  by  the  econo- 
mic limits  to  which  the  ore  can  be  worked,  good  judgment  is 
required  to  ensure  that  the  different  factors  governing  the  esti- 
mate of  ore  values  are  given  their  proper  weight. 
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Where  the  ore  body  is  very  large  and  is  opened  up  by  par- 
allel drifts  and  crosscuts,  several  methods  are  applicable.  If 
the  pitch  of  the  ore  shoots  is  moderately  flat,  vertical  sections 
can  be  taken  along  the  walls.  Where  the  shoots  have  a  fairly 
steep  pitch,  however,  an  excellent  method  is  to  cut  a  channel 
about  breast  high  along  the  walls  of  the  drifts  and  crosscuts 
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for  their  entire  length.  If  the  values  are  irregularly  distributed, 
it  may  be  advisable  to  sample  both  walls.  A  much  greater  a- 
mount  of  work  can  be  done  by  the  samplers  when  this  method 
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is  followed  as  the  men  have  a  firm  footing  and  the  heart  breaking 
overhead  striking  is  avoided.  On  this  work  in  fairly  hard  ground 
two  good  men  can  cut  forty  feet  of  sample  trench  in  a  day. 

An  extremely  important  part  of  the  sampling  of  a  mine 
is  the  method  of  taking  and  keeping  the  notes.  It  is  essential 
that  these  should  be  clear  and  self  explanatory  and  that  they 
should  be  in  such  form  as  to  be  readily  available  for  future 
reference.  In  Fig.  3  is  shown  a  specimen  page  of  a  form  which 
can  be  used  to  advantage  for  every  type  of  deposit.  This  form 
has  been  filled  out  with  the  notes  of  an  actual  sampling  record. 
The  sheets  are  kept  in  a  loose  leaf  ring-binder  of  convenient 
size  for  underground  work  and  when  the  notes  are  transferred 
to  the  permanent  record,  the  sheets  can  either  be  filed  or  kept 
in  large  binders.  These  notes  should  be  self  explanatory  of  the 
system  used.  It  is  most  inadvisable  to  write  any  notes  or  des- 
criptions on  the  sample  tags.  The  samples  should  go  to  the  as- 
sayer  with  only  a  number  so  that  he  will  not  be  influenced  by 
outside  considerations.  The  number  tags  may  be  made  of  sheets 
of  stout  paper  about  three  inches  by  five  inches,  and  it  is  conve- 
nient to  have  them  in  the  form  of  a  pad.  The  numbers  should 
be  in  series  and  each  number  should  appear  on  the  tag  in  duplicate 
so  that  when  the  sample  goes  to  the  assay  office,  the  tag  may  be 
torn  in  two,  one  half  being  placed  with  the  reject  and  the  dupli- 
cate with  the  assayers  pulp.  The  numbers  may  be  printed  with 
a  duplicate  numbering  machine  and  this  should  be  done  before 
going  underground.  When  the  returns  come  from  the  assay 
office,  it  is  best  to  enter  them  in  an  ordinary  level  or  transit  book, 
only  the  numbers  and  the  corresponding  assays  being  inscribed. 
This  provides  a  convenient  and  easy  record,  as  the  book  contain- 
ing the  notes  may  be  underground  and  a  large  number  of  assay 
sheets  are  inconvenient  to  handle  while  single  sheets  may  easily 
become   misplaced. 

The  permanent  record  (Fig.  4)  contains  the  same  Information 
as  the  note  book  and  in  addition,  the  extensions  for  dollar- 
inches.  The  use  of  dollar-inches  or  dollar-feet  is  optional  with 
the  engineer.  There  is,  of  course,  no  excuse  for  using  the  arith- 
metical average  in  calculating  values,  except  where  the  sample 
sections  are  all  the  same  length.  This  method  is,  however, 
cumbersome  and  there  is  little  to  recommend  it. 


226 


Notes  on  Mine  Sampling — Bateman. 


An  important  point  to  be  borne  in  mind  arises  when  cal- 
culating the  assays  of  a  vein,  the  average  width  of  which  is  less 
than   the   minimum   economical   stoping  width.     A   vein   may 
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have  an  average  width  of  thirty  inches,  while  the  stoping  width 
is  assumed  to  be  forty-two  inches.  There  will  probably  be  some 
sections  in  this  vein  that  will  be  more  than  forty-two  inches 
in  width,  and  when  this  is  the  case,  the  assay  value  must  be 
multiplied  by  forty-two  inches  and  not  by  the  actual  measured 
width.  If  this  is  not  done,  when  the  average  assay  over  a 
width  of  thirty  inches  is  reduced  to  correspond  to  an  assumed 
stoping  width  of  forty-two  inches,  these  long  sections  will  have 
their  values  increased   instead   of  decreased. 

In  the  examination  of  some  mines,  it  may  also  be  necessary 
to  multiply  the  dollar-inches  or  dollar-feet  by  the  specific  gravity 
of  the  ore.  Such  a  case  may  arise  in  the  examination  of  a  mine 
containing  lead  ores.  Some  of  the  ore  may  occur  as  calcite 
with  galena  disseminated  through  it  and  in  other  parts  of  the 
vein  it  will  be  found  as  solid  sulphides.  The  specific  gravity  of 
these  two  kinds  of  ore  will  show  a  great  difference,  and  this  factor 
should  also  be  taken  into  account  in  making  the  calculations. 

Each  working  place  should  be  kept  on  separate  sheets 
so  that  they  may  be  added  to  as  work  progresses.  The  advan- 
tage of  this  system  is  that  all  the  information  is  readily  available 
and  that  by  carrying  the  progressive  totals,  the  average  assay 
for  any  particular  working  can  be  obtained  in  a  moment.  In 
addition,  the  average  value  of  any  particular  shoot  can  be 
readily  obtained  The  use  of  these  forms  simplifies  the  work 
of  the  engineer  and  has  a  tendency  to  promote  that  attention  to 
detail  which  is  so  essential  in  conducting  sampling  operations. 

These  forms  were  designed  primarily  for  the  use  of  the 
sampling  departments  of  working  mines,  where  they  constitute 
the  permanent  records  on  which  all  estimates  for  tonnages  and 
values  are  based.  They  are,  of  course,  used  in  conjunction  with 
good  assay  maps  which  should  always  be  kept  up  to  date.  The 
organization  of  a  mine  sampling  department  is  worthy  of  the 
most  serious  attention,  and  should  be  separate  from  the  mining 
department  and  under  the  control  of  a  fully  qualified  technical 
man.  In  operating  mines,  it  is  often  considered  too  great  an 
expense  to  maintain  a  permanent  sampling  crew,  but  if  the  mine 
is  of  any  size,  the  information  from  this  source  is  of  such  great 
benefit  that  such  a  department  should  be  regarded  as  one  of 
the  most  important  in  the  organization. 


THE  DEVELOPMENT  AND  PROBLEM  OF  THE 
YUKON 

By  Henry  M.  Payne,  Ne\v  York 

(Aiitiual  Mcctiiifi:.  Ottixxca.  March,  n)/:;) 

The  Yukon  territory  has  a  total  area  of  200,000  square  miles. 
Of  this  vast  stretch  of  territory,  a  district  of  less  than  800 
square  miles,  comprising  the  region  drained  mainly  by  the 
Klondyke  and  Indian  rivers,  has  produced  gold  to  the  value  of 
8145,000,000.  Since  189G,  when  the  district  first  attracted 
public  attention,  so  much  has  been  written  concerning  its 
natural  features  that  any  detailed  description  here  is  unneces- 
sary. The  general  characteristics  may,  however,  be  outlined 
for  the  benefit  of  those  who  ha\e  not  informed  themselves 
specially  on  the  subject. 

The  hills  which  radiate  from  the  Dome  in  all  directions, 
are  composed  principally  of  micaceous  or  chloritic  schists, 
through  which  are  frequently  interposed  dykes  of  dark  basic 
igneous  rocks  with  occasional  quartz  veins  or  bands  of  crystalline 
limestone.  The  ^•alleys  between  these  ridges  are  long  and  un- 
dulating to  a  point  about  two  miles  from  their  heads,  after 
which  they  rise  abrui/tl>-,  forming  the  steep  and  almost  im- 
passable trails  for  which  the  country  was  famous  in  its  early 
days.  The  lower  portions  of  the  mountain  sides  and  the  valleys 
are  covered  with  a  sphagnous  bog  which  rarely  ever,  under  the 
most  favourable  summer  conditions,  thaws  to  a  depth  exceeding 
18  inches,  below  which  is  permanent  frost  to  an  indefinite 
depth.  The  principal  timber  has  been  spruce,  birch  and  poi)lar; 
but  in  recent  years  the  hills  have  been  almost  entirely  denuded 
and  the  wood  now  used  for  all  purposes  is  rafted  down  the  Klon- 
dyke, Stewart  and  Yukon  rivers.  The  geological  record  of  the 
district  shows  a  4,000  foot  depression  in  the  early  Tertiary  period, 
followed  by  an  elevation  and  long  period  of  denudation,  with  a 
subsequent  gradual  dcj^rcssion  of  1,()()0  feet,  during  which  time 
the  gravels  were  deposited  in  the  lateral  \alleys.  A  second  period 
of  elevation  then  took  place  and  other  valleys  were  formed, 
cutting  through  the  original  channels  and  washing  the  gravels 
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down  at  the  new  creek  beds,  thus  forming  what  are  known  as 
the  'creek  gravels,'  while  the  original  deposition  caused  the 
'bench  gravels.'  The  pay-streak  varies  from  two  to  twelve  feet 
in  thickness  and  is  found  in  the  broken  upper  layer  of  bed-rock, 
and  the  lower  gravels  immediately  overlying  it.  The  fact 
that  in  these  gravels  are  found  large  quantities  of  ice  free  from 
detritus  would  indicate  that  the  deposition  took  place  in  water 
having  very  little  current. 

The  processes  by  which  the  gold  is  remo\"ed  are  open  cut- 
ting, tunnelling,  placer  mining,  shaft  mining,  dredging  and 
ground    sluicing. 

Open  cutthig  is  still  employed  by  some  individual  miners  in 
localities  where  natural  thawing  has  taken  place  or  where  the 
overburden  of  muck  is  not  prohibitive ;  and  by  the  Lone  Star  Ltd., 
on  Victoria  Gulch. 

TtinnelliyiQ;  has  been  successfully  carried  on  in  several 
instances  where  the  bench  gravels  occur  in  sufficient  quantity 
to  warrant  it. 

Placer  operations  are  confined  principalh'  to  the  holdings 
of  the  Yukon  Gold  Compan\-.  whose  various  camps  extend  on 
both  sides  of  Bonanza  Creek  from  Grand  Forks  to  its  confluence 
with  the  Klondyke  river. 

Shaft  mining  is  in  operation,  notabh"  on  Hunker  Creek, 
where,  for  the  most  part,  the  depth  of  the  pay-streak  renders 
thawing  and  dredging  prohibitive. 

Dredging  at  the  present  time  is  the  principal  method  of 
gold  mining  employed  throughout  the  district,  the  Yukon  Gold 
Company  having  eight  dredges  in  use.  while  the  Boyle  Conces- 
sions, Ltd.,  formerly  the  Canadian-Klond\-ke  Mining  Company, 
have  three  in  operation. 

Ground  sluicing  is  being  developed  on  an  extensive  scale 
on  Dominion  and  Quartz  Creeks  by  the  Granville  Mining  Com- 
pany. 

The  most  important  open  cutting  is  that  being  performed 
by  the  Lone  Star.  Limited.  This  company  is  working  eleven 
quartz  claims,  each  1500  feet  square,  situated  on  Victoria 
Gulch,  tributary  of  Bonanza  creek,  and  constitute  the  only  lode 
property  in  the  district  that  is  actually  producing  gold.  The 
ore  body  is  composed  of  quartz  more  or  less  mixed  with  schist. 
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and  the  working  face  is  about  30  feet  wide  by  20  feet  high. 
The  depth  of  the  ore  body  has  not  yet  been  determined, 
although  the  extent  of  the  outcrop  is  about  1000  feet.  Several 
shifts  and  a  tunnel  about  120  feet  below  the  present  workings 
have  been  driven  in  the  Corthay  vein,  which  intersects  the 
main  ore  body.  During  the  past  season  the  territorial  govern- 
ment has  granted  this  company  a  subsidy  of  $5000  on  ore 
milled,  at  the  rate  of  .f2.50  a  ton,  in  an  endeavour  to  further 
the  quartz  mining  industry.  A  four-stamp  mill  is  in  o[ieration 
on  the  property,  and  is  connected  with  the  mine  workings  by 
a  gravity  tramway  about  3000  feet  long.  Assays  ha\'e  a^•eraged 
$30  to  $50  per  ton  by  amalgamation,  but  a  cyanide  plant  will 
ultimately  be  required.  More  definite  information  on  this 
fiuestion  will,  doubtless,  be  available  from  the  report  of  Mr. 
T.  A.  MacLean,  who,  during  the  past  summer,  investigated 
the  cjuartz  deposits  of  the  Yukon  for  the  Mines  Department. 
The  Lone  Star  Company  also  mine  three  placer  claims  on 
Victoria  Gulch.  A  number  of  other  prospects  are  locally  con- 
sidered promising,  but  their  actual  value  has  yet  to  be  deter- 
mined by  development. 

The  largest  tunnelling  operation  is  that  of  Alfred  Barnes, 
who  has  an  extensive  development  on  the  lower  side  of  Lovett 
(lulch.  The  bench  gravels  here  occur  in  a  frozen  state  entirely 
through  the  mountain,  and  practically  no  timber  is  used  except 
for  temporary  protection  of  the  miners  in  the  working  places. 
The  development  is  typical  room-and-pillar  mining.  The  frozen 
gravel  is  picked  loose  without  thawing,  the  large  boulders  are 
forked  out  and  gobbed,  and  the  balance  containing  the  gold, 
is  shovelled  into  cars  and  hauled  to  the  outside,  where  it  is 
washed  as  weather  and  water  supply  permit.  Mr.  Barnes  states 
that  the  average  clean-up  of  material  hauled  has  been  $2  per 
cu.  >d.,  running  very  uniformly  throughout  the  operation. 
About  18  inches  of  bed-rock  and  4  ft.  6  in.  of  gravel  are  removed. 

Water  for  the  placer  operations  of  the  Yukon  Gold  Company 
is  obtained  from  Twelvemile  River,  and  conveyed  a  distance  of 
60  miles  to  the  head  of  Bonanza  Creek.  This  aqueduct  consists 
of  about  four  miles  of  iron  piping,  five  miles  of  red-wood  piping, 
fifteen  miles  of  flume,  and   the  remainder  open  ditch.     Three 
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inverted  siphons  convey  the  water  across,  respectively,  the  Klon- 
dyke  River;  from  Tombstone  Creek  into  the  main  flume;  and 
across  a  five-mile  valley  whose  lowest  point  is  125  feet  below  grade. 

At  the  mouth  of  Hunker  Creek  two  shaft  mines  are  in  opera- 
tion. At  this  point,  bed-rock  lies  about  forty  feet  below  the 
surface.  Shafts  are  sunk  at  intervals  of  250  feet  along  the  pay- 
streak  and  tunnels  driven  on  opposite  sides  for  about  20  feet, 
after  which  the  advancing  long-wall  method  is  used  until  a 
rectangular  area  approximately  250  feet  square  has  been  ex- 
cavated. Development  is  then  started  in  the  next  shaft,  and 
as  much  as  possible  of  the  previous  shaft  pillar  is  removed. 
The  entire  cover  being  frozen  to  within  a  foot  or  eighteen  inches 
of  the  surface,  no  timbers  are  used,  and  within  the  limit  of  ex- 
cavation indicated,  there  seems  to  be  no  difficulty  or  danger 
experienced.  A  barrier  pillar  of  about  two  feet  is  left  between 
adjoining  excavations  in  order  to  exclude  drainage  water  from 
the  abandoned  sections,  which  thus  confined,  soon  freezes  solidly. 

The  dredges  of  the  Yukon  Gold  Company,  seven  of  which 
are  in  operation  on  Bonanza  and  Eldorado  Creeks  and  one  on 
Hunker  Creek,  are  all  of  either  5  or  7-foot  bucket  capacity  and 
are  theoretically  operated  at  a  speed  of  eighteen  buckets  per  min- 
ute. Power,  generated  at  the  Twelvemile  plant,  is  transmitted 
at  33,000  volts  to  a  distributing  station  on  Klondyke  River,  and 
delivered  to  the  dredges  at  4,000  \-olts,  where  it  is  stepped  down 
for  service  to  400  volts. 

The  Boyle  Concessions,  Ltd.,  formerly  the  Canadian- 
Klondyke  Mining  Company,  is  now  completing  its  No.  3 
and  No.  4  dredges,  each  of  which  will  be  in  service  next  summer. 
There  are  many  unique  features  on  these  boats  designed  at  the 
suggestion  of  Mr.  J.  \V.  Boyle  and  based  on  his  company's 
previous  dredging  experience  in  the  Klondyke.  Each  of  the 
boats  carries  16-foot  buckets,  68  buckets  to  the  line,  and  is  de- 
signed to  dig  45  feet  deep  with  the  ladder  at  45°;  each  has  a 
maximum  digging  depth  of  52  feet.  The  buckets  are  driven 
at  full  speed  or  at  the  rate  of  21|  buckets  per  minute  the  first 
six  feet,  three-quarter  speed  until  one  foot  above  bed-rock  is 
reached  and  one-half  speed  for  the  remaining  distance.  The 
screens  are  9  ft.  9  in.  in  diameter  and  50  feet  in  length,  of  which 
35  feet  is  perforated.     They  are  operated  by  variable  speed  mo- 
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tors  running  at  full  speed  onl}-  in  the  upper,  or  non-productive 
gravels.  There  are  fourteen  tables,  30  inches  wide  with  a  fall  of 
I5  inches  to  the  foot.  On  dredges  No.  1  and  No.  2  difficulty  was 
experienced  in  the  washing  process,  because  the  weight  of  the 
digging  line  kept  the  boat  down  at  the  bow.  To  obviate  this 
the  hulls  of  the  new  dredges  are  14  ft.  6  in.  on  the  bow  and  12  ft.  on 
the  stern.  A  travelling  crane  projects  16  feet  beyond  the  bow 
gauntry  for  the  purpose  of  picking  up  material  from  the  shore 
and  lowering  it  through  hatchways  directly  to  the  interior  of  the 
dredge.  This  arrangement  also  facilitates  handling  the  bucket 
line  or  lower  tumbler  when  repairs  are  necessary.  All  the  wiring 
is  in  conduits,  and  every  mechanism  on  the  boat  is  controlled 
from  the  winch-room.  The  first  42  in.  of  riffles  are  of  cocoanut- 
mat  with  expanded  metal  rififles  on  top.  This  portion  is  cleaned 
every  morning,  as  96%  of  the  total  clean-up  is  from  these 
riffles.  The  balance  of  the  riffles  is  cleaned  once  a  week. 
Gold  is  extracted  daily  from  material  representing  from  seven 
hundred  to  a  thousand  pounds.  Ninety  per  cent,  of  this  is 
easily  separated;  the  remaining  ten  per  cent,  is  placed  in  a 
muller,  or  steel  tub  grinder  with  an  amalgam  table  below,  the 
amalgam  being  retorted  in  the  regular  way.  The  cost  of  each 
of  these  new  dredges  is  $425,000,  and  the  operating  company 
claims  that  on  similar  boats  during  the  season  of  1912  the 
efficiency  in  running  time  was  85%,  and  the  actual  cost  6c.  per 
cu.  yd.  dredged.  A  graphic  recording  meter  is  installed  on  the 
digging  line  of  the  new  boats  so  that  the  responsibility  for  any 
delays  is  readily  determined.  The  company  estimates  that  at 
least  twenty  consecutive  open  seasons  may  be  depended  upon, 
before  its  three  16  ft.  dredges  shall  have  exhausted  the  territory 
in  which  operations  are  now  being  conducted;  which  means  that 
it  will  probably  outlive  other  undertakings  employing  the  same 
method  of  working  in  the  district. 

In  order  to  demonstrate  the  possibility  of  operating  its 
hydro-electric  plant  throughout  the  Arctic  winter,  this  company 
has  attempted  a  most  ingenious  system.  Directly  winter  sets 
in,  the  ditch  is  allowed  to  fill  and  the  water  to  freeze  to  a  thickness 
to  form  a  bridge  at  any  point.  The  water  is  then  dropped  about 
a  foot  and  maintained  at  that  level.  The  intake  pipe  line  is 
6  ft.  6  in.  in  diameter,  insulated,  and  buried  under  4  ft.  6  in.  of 
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gravel.  Above  this,  and  leaving  an  air  space  of  1  .ft.  6  in.,  a 
roof  of  poles  is  built  and  covered  with  1  ft.  of  moss  and  1  ft.  of 
gravel.  At  the  intake  end  of  the  pipe  line  and  at  inter\'als  of 
two  miles  along  the  ditch,  transformers  are  placed,  stepping  down 
the  2200  volt  current  as  generated  to  110  volts.  The  current 
is  then  passed  through  resistance  coils  made  of  Xo.  8  iron  tele- 
phone wire,  which  lie  on  the  bottom  of  the  ditch  at  these  points. 
The  water  flows  at  the  rate  of  two  miles  per  hour,  and  in  a  tem- 
perature of  — 50°  F.,  this  system  has  given   great  satisfaction. 

The  main  transmission  line  is  20  miles  in  length  and  built 
of  copper  stranded  wire.  The  current  is  generated  by  two  3,000 
k.v.a.  Westinghouse  generators  driven  by  two  5,000  h.p.  Morris 
re-actionary  turbine  wheels,  and  is  stepped  up  in  water-cooled 
transformers  from  2200  volts  to  33,000  volts  for  transmission. 

The  only  place  in  the  district  where  ground  sluicing  is 
undertaken  extensively  is  on  Dominion  and  Quartz  Creeks. 
Here  work  on  a  large  scale  is  conducted  by  the  ^Grainville 
Mining  Company.  These  operations,  however,  will  be  dis- 
cussed at  greater  length  under  the  subject  of  "Thawing,"  since 
the  whole  aim  of  ground  sluicing  is  to  remove  the  overburden 
without  the  labour  and  expense  incidental  to  that  process.  This 
recital  of  the  development  that  has  taken  place  leads  to  the 
consideration  of  the  "Problem  of  the  Yukon,"  which  is  to  thaw 
the  overlying  muck  and  gravel  with  the  greatest  efficiency  both 
of  time  and  labour. 

The  Problem  of  the  Yukon 

Wide  di\-ersity  of  opinion  exists  regarding  the  best  method 
to  be  followed.  The  local  annual  frost  is  conceded  to  average 
6  ft.  6  in.  The  thaw  under  undisturbed  conditions  rarely  ex- 
ceeds 18  inches.  Various  tests  have  been  conducted  to  ascer- 
tain the  average  thaw  for  any  given  period  when  the  thawed 
material  is  removed  each  day.  In  open-cutting,  the  thaw,  in 
the  middle  of  summer  appears  to  represent  one  foot  a  day  as 
soon  as  the  top  muck  is  removed.  This  muck  is  sometimes 
composed  of  close  silt  and  at  other  times  more  clearly  resembles 
a  sandy  loam.     The  latter  is  less  troublesome  to  thaw  than  the 
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former.  The  nature  of  the  adjoining  hills  also  affects  the  thaw. 
If  the  sides  of  the  valley  are  bald  and  rocky,  they  retain  heat; 
but  if  they  are  moss  covered,  the  sun  has  little  effect. 

Mr.  J.  W.  Boyle  is  authority  for  the  statement  that  in  1907, 
at  a  point  one  and  a  half  miles  below  the  mouth  of  Bear  Creek, 
the  whole  area  was  frozen.  In  1910,  this  was  all  thawed  to  a 
depth  four  feet  below  the  top  of  bed-rock.  He  therefore  con- 
tends that  if  the  surface  be  thoroughly  cleared  of  stumps  and 
brush,  burned,  carefully  raked  and  wherever  possible  ditched 
to  provide  for  its  drainage,  such  preparation  after  three  years 
will  enable  dredging  to  be  undertaken  without  artificial  thawing. 
The  plan  at  least  has  the  advantage  of  ensuring  freedom  from 
fouling  of  lines,   etc.,  when  dredging  is  conducted. 

The  Yukon  Gold  Company  on  the  other  hand,  maintains 
that  the  only  practical  method  is  to  thaw  the  ground  by  steam 
points,  a  process  entailing  an  enormous  expenditure  for  fuel, 
labour  and  equipment.  It  should  be  noted  howc\er,  that  the 
Klondyke  valley  in  which  the  Boyle  Concessions,  Ltd.,  is  engaged, 
is  much  wider  than  the  creeks  on  which  the  Yukon  Gold  Company 
is  operating  and  the  opportunity  for  natural  thawing  in  the  former 
case  is,  therefore,  much  greater. 

The  Granville  Mining  Company,  on  Dominion  and  Quartz 
Creeks,  is  adopting  Mr.  Boyle's  plan  of  operation  by  first  plough- 
ing, burning  and  opening  up  the  tundra,  and  then  sluicing  the 
muck  which  is  eighteen  feet  thick  on  Dominion  Creek,  through  a 
channel  about  four  feet  wide  at  water  level.  The  water  is  first 
conducted  through  flume-hose  to  the  edge  of  the  creek  bank  where 
it  trickles  down  and  erodes  vertical  channels  in  the  face.  Men  are 
employed  to  pass  up  and  down  the  stream  and  clear  any  obstruc- 
tions that  would  check  the  current,  and  the  course  of  the 
channel  is  so  directed  as  to  continually  undercut  the  bank. 
When  the  undercut  and  the  vertical  channels  are  about  three  feet 
deep,  these  sections  are  blasted  into  the  stream,  and  exposure 
to  sun,  wind  and  current,  rapidly  disintegrates  them.  Auto- 
matic splash  dams  are  also  in  operation  higher  up  on  the  creeks, 
to  provide  sufficient  water  for  flushing  out  any  obstructions  in 
the  channel  every  few  hours.  It  was  estimated  that  at  this  opera- 
tion the  bank  receded  from  four  to  seven  inches  per  day.  The 
ditch  was  ten  feet  deep,  which  left  seven  or  eight  feet  more  to 
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be  eroded  before  reaching  the  gravel.  The  estimated  cost  of 
this  work  was  10c.  per  cubic  yard  of  muck  removed,  although  if 
an  increased  water  supply  is  provided,  the  cost  will  be  materially 
reduced.  Assuming  the  ultimate  success  of  this  method,  its 
most  striking  inefficiency  is  the  long,  narrow,  shallow  and  ir- 
regular strip,  impracticable  of  immediate  application  to  dredging. 
Also  since  the  preceding  winter's  frost  would  not  permit  the  be- 
ginning of  dredging  operations  before  some  time  in  July  of  each 
season,  although  the  dredge  recovery  per  operating  hour 
would  be  greater  than  from  dredges  handling  the  over-burden, 
as  at  present,  the  recovery  per  dredge  season  would  probably 
represent  no  material  gain.  The  water  seems  to  be  carrying  its 
full  duty  on  this  operation.  An  examination  of  samples  taken 
indicated  an  average  specific  gravity  of  solids  carried  of  2.55, 
while  the  amount  carried  in  suspension  was  2.41  per  cent  by  vol- 
ume, or  6.2  per  cent  by  weight.  The  fall  of  the  channel  is  from 
17  to  25  feet  per  mile. 

To  ascertain  more  definitely  the  exact  conditions  to  be  met, 
the  writer  and  his  associate,  Mr.  W.  L.  Churchill,  representing 
Stephen  T.  Williams  &  Staff,  made  an  extended  stud\-  of  the  sub- 
ject during  the  summer  of  1912,  in  the  interest  of  the  Yukon  Gold 
Company.  Upon  investigation  it  was  learned  that  no  systematic 
research  had  ever  been  conducted  in  the  matter  of  determining 
the  temperature  of  the  frozen  mass.  To  accomplish  this  a  series 
of  thermometers  were  carefully  calibrated  and  each  was  enclosed 
in  a  thin  metal  pipe  with  brass  screw  plug  on  the  end,  and 
attached  thereb}'  to  a  small  wire  by  which  the  apparatus  was 
lowered  into  the  ground.  The  holes  were  dry  drilled  with  iH 
in.  steel  bars,  and  plugged  with  frozen  muck  while  the  tempera- 
tures were  taken.  Briefly  summarizing  the  results  of  27  tests: 
bed-rock  temperature  was  found  to  vary  from  2°  F.  to  14°  F. 
with  an  average  of  9°  F;  gravel  from  17°  F.  to  22°  F.,  average 
19°  F.  black  muck  from  17°  F.  to  24°  F.,  average  20°  F.  and 
sandy  muck  from  19°  F.  to  24°  F.,  average  21°  F.  Graphic 
charts  of  these  tests,  showing  the  various  depths  and  materials, 
indicated  that  after  reaching  the  frost  line,  the  temperature 
drops  within  the  next  few  inches  to  the  mean  temperature  of  the 
mass,  even  when  there  is  little  or  no  muck   covering.      It  also 
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appears  that  the  temperature  is  solely  dependent  upon  the  nature 
of  the  material  and  not  on  depth  of  material,  depth  of  frost  line 
or  water  level. 

This  data  naturally  led  to  an  investigation  of  the  physical 
properties  of  the  frozen  mass,  and  46  samples  were  taken  of 
black  and  sandy  muck,  gravel,  sand,  and  bed-rock,  from  all 
parts  of  the  district.  The  results  were  tabulated  and  showed  the 
specific  gravities  both  of  the  frozen  and  thawed  solids;  the 
specific  heats;  the  percentages  of  ice  and  of  solids  both  by  weight 
and  volume;  the  percentages  of  voids  in  the  frozen  and  thawed 
materials  and  the  percentages  of  ice  and  solids  per  cubic  foot 
of  frozen  material;  from  which  were  deduced  the  B.t.u.  required 
to  change  the  ice  in  one  cubic  foot  of  frozen  material  to  water  at 
32°  F.,  and  the  B.t.u.  required  to  raise  the  solids  in  one  cubic  foot 
of  frozen  material  to  32°  F. 

A  brief  summary  of  these  figures  shows  the  following  aver- 
ages: 
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Inasmuch  as  the  steam  thawing  points  arc  driven  at  inter- 
vals of  from  eight  to  ten  feet  apart,  the  ground  to  all  intents 
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is  prospected  in  ten  foot  rectangles,  so  that  with  a  knowledge 
of  the  thickness  and  nature  of  the  material  to  be  thawed,  and  the 
temperature  of  the  steam  delivered,  the  proper  duration  of  the 
thawing  process  may  be  easily  determined. 

Experiments  were  also  conducted  with  hot  water  as  a 
medium  for  thawing  in  place  of  steam,  and  excavations  afterwards 
made  to  ascertain  its  efficiency.  It  was  conclusively  proven  that 
the  distance  between  thawing  points  could  be  materially  increased 
when  hot  water  was  used,  and  that  there  was  an  acceleration 
of  thawing  activity  as  the  diameter  of  the  cylinder  to  be  thawed, 
was  increased. 

The  regular  practice  in  steam  thawing  is  to  operate  the 
points,  spaced  in  eight  foot  rectangles  or  nine  and  one-half  foot, 
triangles,  for  72  hours.  The  intervening  segments  of  overlying 
muck  imperfectly  thawed  are  then  sweated  for  24  hours  more, 
or  a  total  of  96  hours  for  each  eight,  or  nine  and  one-half,  foot 
cylinder. 

After  the  preliminary  tests  with  hot  water  mentioned  above, 
it  was  decided  to  space  the  points  twice  the  regular  distance  apart, 
operating  them  four  times  as  long  (having  four  times  the  volume 
of  material  to  thaw),  or  16  days  for  each  16  foot  cyHnder.  At 
the  end  of  IH  days,  however,  examination  developed  the  fact 
that  the  thawing  was  as  completely  effected  as  under  the  former 
method,  and  that  the  points  could  be  withdrawn  and  the  un- 
thawed  segments  of  muck  sweated,  using  hot  water  instead  of 
steam,  and  thus  whatever  time  was  saved  from  the  4^  days  re- 
maining would  be  a  direct  gain  in  fuel  consumption;  and  it  was 
found  that  2|  days  were  sufficient  to  allow  for  the  final  sweating 
of  all  the  muck  remaining.  Thus  in  addition  to  fuel  economy, 
there  is  a  direct  labour  saving  of  75%  in  driving  and  pulling 
points,  amounting  in  the  case  in  question,  to  over  §130,000 
in  the  operating  season  of  150  days.  The  quantity  of  water 
required  is  3.6  times  as  much  as  for  steam  at  the  same  pressure, 
the  boilers  being  supplied  by  injectors  or  boiler  pumps,  and  the 
pipe  line  being  connected  direct  with  a  discharge  from  the  lower 
part  of  the  boiler. 

Another  field  of  research  along  the  same  line  is  the  applica- 
tion of  electricity  to  thawing.  In  view  of  the  large  quantity  of 
available  water-power  already  developed,  such  a  source  of  heat 
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would  not  be  incompatible  with  cither  efficiency  or  economy. 
All  that  is  necessary  is  the  construction  of  a  strong  heating  coil 
that  could  be  driven  into  the  ground  and  the  current  turned  on. 
Since  nearly  half  of  the  frozen  mass  is  ice,  it  is  just  as  practicable 
to  heat  the  frozen  water  in  the  ground  as  to  heat  it  in  the  boiler 
and  convey  it  through  pipes. 
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In  order  to  determine  the  rate  of  natural  or  climatic  thaw- 
ing in  terms  of  B.t.u,  the  writer  devised  an  apparatus  of  which 
four  installations  were  made  at  various  points  on  Bonanza 
and  Hunker  Creeks,  the  sites  selected  being  typical  of  general 
conditions.  The  apparatus  consisted  of  a  sheet-iron  tank  "  B  " 
riveted  and  soldered  and  painted  black  on  the  inside,  3  ft.  6  in. 
in  diameter  and  4  ft.  high.  The  outside  and  bottom  of  the  tank 
is  covered  with  a  2  in.  layer  of  asbestos  "A"  reinforced  in  the 
center  with  fine  wire  and  covered  with  brattice  cloth.  Insulation 
from  conductivity  of  the  earth  is  secured  by  placing  each  tank 
on  a  2-inch  plank  platform  made  of  the  head  of  a  4-foot  cable 
reel.  Inside,  resting  on  the  bottom,  is  a  four  legged  bench,  17 
inches  high  and  about  20  inches  by  24  inches  square.  Upon 
this  rests  a  rectangular  wooden  casing  "  E"  of  the  same  size  and 
31  inches  in  height.  This  casing  is  also  insulated  on  the  outside 
with  a  2-inch  asbestos  covering  "C"  similar  to  that  on  the  tank. 
Inside  the  casing  and  about  half  an  inch  smaller  in  each  rect- 
angular dimension,  is  a  wooden  platform,  or  false  end,  which 
normally  rests  on  the  bench.  Through  metal  plates  at  its  dia- 
gonally opposite  corners,  are  screwed  half-inch  rods  "D"  threaded 
their  entire  length  and  resting  upon  2-inch  square  metal  bearing 
plates  on  the  corners  of  the  bench  underneath,  and  having  remov- 
able socket  wrench-handles  at  their  upper  extremities.  Ice  was 
selected  as  a  medium  of  measurement,  owing  to  the  facility  with 
which  it  may  be  thawed,  the  limited  amount  of  attention  required, 
and  the  constant  value  of  the  heat  necessary  to  melt  a  unit  quan- 
tity. A  faucet  is  inserted  at  the  base  of  the  tank,  so  that  a 
check  on  the  amount  of  ice  melted  may  be  had  by  measuring 
the  water  collected  at  the  bottom  each  day  and  deducting  the 
amount  of  rainfall,  if  any,  therefrom.  When  the  tank  is  to  be 
charged  with  ice,  the  platform  is  screwed  up  to  the  top  and  the 
cake  of  ice  which  loosely  fits  the  casing  is  placed  endwise 
thereon  and  lowered  until  the  upper  end  of  the  cake  is  just  level 
with  the  top  of  the  casing.  The  upper  half  of  the  air  space 
between  the  exterior  of  the  casing  and  the  interior  of  the 
circular  tank,  is  then  loosely  packed  with  moss,  and  any  ir- 
regularities around  the  sides  of  the  ice  cake  are  filled  with  the 
same  material,  so  that  the  only  uninsulated  portion  of  the  ice 
exposed  to  climatic  action  is  the  level  surface  at  the  top.     Since, 


240     Development  and  PROBI.E^r  of  Yukon — Payne. 

as  has  been  mentioned,  approximately  50%  of  the  muck  /;/  sit2c 
is  ice,  fine  black  muck  is  then  sprinkled  over  the  entire  top  of  the 
ice  exposed  until  about  half  the  superficial  area  is  thinly  coated, 
thus  approximating  as  nearly  as  possible  the  actual  ground  con- 
ditions. The  meltage  is  then  recorded  at  regular  intervals, 
and  the  ice  cake  raised  by  means  of  the  screws  and  left  as  before. 
From  the  quantity  of  ice  which  disappears  per  day  (checked  by 
the  amount  of  water  drained  off  at  the  bottom)  may  be  deducted 
the  heat  units  communicated  by  sun  and  air.  Also  since  the 
surface  conditions  are  duplicated  as  nearly  as  possible,  the  total 
B.t.u.  required  to  melt  one  cubic  foot  of  ice  50%  covered  with  fine 
muck  should  approximate  the  B.t.u.  required  to  thaw  one  cubic 
foot  of  average  muck  as  ascertained  from  the  table  referred  to. 
By  combining  these  sources  of  information,  it  is  possible  not  only 
to  know  the  heat  required  to  thaw  a  given  quantity  of  muck  or 
gravel,  but  also  the  approximate  average  heat  units  per  hour 
or  per  twenty-four  hours  throughout  the  open  season,  which  may 
be  expected  to  accrue. 

For  early  spring  and  late  autumn,  it  is  necessary  to  record 
also  the  amount  of  ice  formed  at  night.  For  this  purpose,  a 
large  gutta  pcrcha  developing  tray  about  tw^o  inches  deep,  is 
placed  on  a  bed  of  moss  underneath  and  around  the  sides,  the 
whole  being  contained  in  a  shallow  box;  the  sides  are  level  with 
the  top  of  moss  and  tray.  This  tray  is  kept  filled  with  water 
and  the  ice  formed  each  night  is  deducted  from  the  total  thaw 
in  the  tank  on  the  succeeding  day.  During  the  past  season, 
the  average  net  meltage  of  ice  per  twenty-four  hours  was  1.91 
inches,  and  since  each  inch  of  ice  is  equivalent  to  about  1.7 
inches  of  muck,  providing  the  muck  is  removed  as  quickly  as 
thawed,  we  have  3j  inches  as  the  coefficient  of  actual  average 
net  thaw  per  twenty-four  hours  under  these  conditions.  This 
investigation  could  be  elaborated  profitably  by  a  systematic 
record  of  maximum  and  minimum  temperatures,  etc. 

Continued  research  along  these  lines,  the  application  of 
efficiency  in  operation,  and  scientific  management  of  the  enormous 
investments  already  made,  will  increase  the  earning  power  of 
the  present  operations,  render  possible  the  working  of  lower 
grade  properties  than  at  present  tempt  the  operator,  and  deter- 
mine the  life  of  the  gold  mining  industry  in  the  Yukon  Territory. 


SOME  NOTES  ON  MONEL  METAL. 

Bv  William  Campbell,  Columbia  University,  New  York. 

(A  u  una  I  Meeting,  Ottau'a,  igi2) 

Monel  Metal  is  an  alloy  containing  68  to  70  per  cent  nickel, 
26  to  28  per  cent,  copper  and  2  to  3  per  cent,  iron,  reduced 
directly  from  a  copper-nickel  matte  to  metal.  It  closely  resem- 
bles nickel  in  appearance,  but  is  of  a  slightly  darker  tinge.  Like 
nickel  it  takes  a  brilliant  polish,  which  it  retains  for  a  long  time; 
but  after  becoming  dull  may  be  repolished  readily  with  a  cloth. 

It  can  be  cast,  rolled  into  rods  and  sheets  or  drawn 
into  wire.  Again,  like  nickel,  it  is  tough  to  cut,  being  much 
tougher  than  mild  steel  under  the  saw;  it  machines  readily;  and 
can  be  brazed  or  soldered. 

Its  physical  properties  ^  are  as  follows: — 

Melting  point:     1360°  C.  2480°  F. 
Specific  gravity:     Cast  8.87. 
Weight  per  cubic  inch:      Cast       0.319  1b. 

Rolled    0.323    " 
Coefficient  of  expansion:     (20°  to  100°  C.)  0.00001375  per 

1°  C. 
Electrical  resistivity:     temperature  coef:     0.0011  per  1°  F. 

256  ohms  per  mil-foot. 
Electrical  conductivity  (Cu  |100  per  cent)  4  per  cent. 
Heat  conductivity:     one-fifth  that  of  copper. 
Shrinkage:     one-quarter  inch  per  foot. 
Hardness:    Cast.  20  to  23  (Shore  Scleroscope) . 

"  Hot  rolled  rod:     27  (Shore  Scleroscope), 


J.  F.  Thompson,  Eng.  and  Min.  Journal  91,   1911. 
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Browne  "  has  compared  it  with  copper  and  nicicel: 


Tensile  strength,  lb.  per  sq. 

inch 

Elastic  limit,  lb.  per  sq.  in. 
Elongation  in  2  in.  per  cent 
Reduction  of  area 

per  cent 

Melting  point  C 


34,000   75,500 

18,000   21,000 

52    43.9 


57 
1084 


57 
1500 


85,000  100.000  110,000 
40,000-  50.000  80,000 
25      30       25 


25 
1360 


50 


50 


Other  figures  quoted  by  Gaines  '  on  tests  made  by  Sellers, 
Philadelphia,  are: — 


I  Hot  Roll- 

I  ed  Rods 

Breaking  strength,  lb.  per  sq.  in 86,899 

Elastic  limit,  lb.  persq.  in 58,873 

Elongation  in  2"  per  cent *....'  40 

Reduction  in  area  per  cent . ;  60 . 5 


Sand 
Castings. 


78,236 
37,427 
38 . 5 
34.0 


The  ore  from  which  the  matte  is  made  generally  contains 
about  4.85  Ni  to  1 .75  Cu  and  the  metal  averages: 

Ni 66  to  70 

Cu 23  to  27 

Other  metals 3  to    5 

and  it  is  claimed  that  the  physical  properties  show  little  \arialion 
within  these  limits. 


The  first  five  of  the  following  analyses  are  based  on  figures 
given  by  Gaines  (1911).  The  last  two  are  of  experimental  melts, 
1905,  of  rolled  metal,  which  had  excellent  ciualities. 

^   Behaviour   of   Copper    Matte   and    Copper  .Nickel   Matte  in   Bossemer 
Converter.     Trans.   A.I..M.E.    1910.     290-310. 

=*  Journal    Indust.  &   Eng.   Chem.    I\'.   1912.     354. 
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Analyses. 


Ni. 

Cu. 

Fe 

Si 

^In 

C     1 

68.32 

27.03 

2.7 

1.23 

0.26 

1 
0.34  'Cast.      Average  of  8  samples. 

68.95 

25.71 

2.21 

0.20 

1.50 

0.37    Rolled.           "          6 

69.45 

26.69 

2.13 

1.38 

0. 19  |Forged.      Between  outside  and 

centre  of  billet. 

69.52 

26.79 

2.14 

1.50 

0.17 

Forged.      Centre. 

69.54 

26.83 

2.19 

1.48 

0.18 

Outside. 

73.79 

24.18 

1.22 

0.06 

0.32 

Co.  0.35. 

71.29 

25.46 

1.46 

0.18 

0.21 

Co.  0.21. 

Uses. 

Because  of  its  non-corrosive  properties,  monel  metal  is 
employed  for  making  piston  rods  and  other  parts  of  machinery 
subject  to  corrosive  influences;  it  is  also  used  in  plumbing  fix- 
tures, mine  screens,  pump  cylinders  for  salt  water,  and  in  mar- 
ine work  such  as  deck-fittings,  propellers,  rudders,  etc. 

Propellers  cast  from  monel  metal  were  cast  for  the  United 
States  battleship  North  Dakota  and  also  for  battleships  of  foreign 
countries.  One  propeller,  cast  in  a  single  piece,  was  loh  feet 
in  diameter,  and  weighed  16,000  pounds. 

As  stated  above,  monel  metal  can  be  drawn  into  fine  wire. 
It  rolls  well  ^  between  900  and  1200  C,  and  its  annealing  tem- 
perature is  about  850  C. 

In  the  form  of  sheet  it  has  been  used  for  roofing  the  stations 
of  the  Pennsylvania  Railway  at  New  York,  the  Chicago  and  West- 
ern Railway  at  Chicago;  and  some  of  the  of^ce  buildings  in  New 
York.  It  is  used  for  seamless  tubing  for  condensers,  boilers  for 
automobiles  and  for  motor  boats;  and  can  be  employed  also 
to  advantage  in  the  manufacture  of  kitchen  utensils  and  minor 
articles  of  a  like  nature. 

Some  foundries  have  experienced  difificulty  in  making 
sound  castings,  since  blowholes  due  to  dissolved  gases  and  oxides 
are  common.  This  tendency  is  remedied  by  using,  immediately 
before  pouring,  2  ounces  of  magnesium  per  100  lbs.  of  metal. 
For  castings  three  per  cent,  ferro-manganese  (80%)  is  sometimes 
added. 


*  Mineral    Industry,    X\'II. 
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The  process  of  manufacture  is  divided  into  two  parts. 
The  Canadian  Copper  Company  at  Copper  Clifif,  Ont.,  smelts 
the  roasted  ore  in  blast  furnaces  to  matte.  This  matte  (30 
to  36  percent.)  was,  until  March  1911,  blown  in  ten  acid  converters 
to  finished  bessemer  matte  (80%  copper-nickel).  Since  the  date 
mentioned  the  acid  converters  have  been  replaced  by  five  basic 
converters.  " 

The  bessemer  matte  is  sent  to  the  Orford  Copper  Company, 
at  Constable  Hook,  X.J.,  ''  where  it  is  ground  and  roasted 
in  hand  reverberatories  to  oxides  of  nickel  and  copper,  carrying 
a  small  proportion  of  iron.  This  is  reduced  with  charcoal  in 
an  oil  fired  reverberatory  furnace,  and  melted,  then  brought  to 
the  proper  pitch  and  cast. 

Gaines,  quoting  Browne,  sa\'s  that  as  the  component  metals 
have  never  been  separated  from  each  other,  the  particles  of 
each  seem  to  be  in  more  intimate  contact  than  can  be  attained 
by  an>-  synthetic  method  of  manufacture.  It  is  claimed  that 
melting  the  constituent  metals  together  has  produced  no  alloy 
having  the  same  physical  properties  as  the  monel  metal  obtained 
directly  from  the  matte.  Some  of  the  remarkable  properties 
of  the  metal  must  be  due,  therefore,  to  the  grouping  of  its  con- 
stituents. 

In  some  samples  carbon  is  present  as  graphite,  and  in 
a  smaller  degree  as  combined  carbon,  the  differential  relations 
apparently  depending,  as  in  iron,  on  the  rate  of  cooling. 

Constitution. 

M(jnel  metal  belongs  to  the  copper-nickel  series  of  alloys. 
These  alloys  have  been  investigated  by  Guertler  and  Tammann,' 
and  belong  to  that  group  of  binary  alloys  whose  component 
metals  are  soluble  in  each  other  in  all  proportions  both  in  the 
liquid  and  solid  state.  To  this  group  also  belong  Ag-Au;  Ag-Pd; 
Au-Pd;  Au-Pt;   Bi-Sb;  Co-Fe;  Co-Ni;   Cu-Pd;  Cu-Pt;   Fe-Mn, 


(5)  BroRnc.     Plant   of  Canadian  Chopper  Co.,  Quart.  Bull.  CM. I.,  Feb. 
1912.     33. 

(6)  Gaines,    op.  cit. 

(7)  Zeits.  fur  anor^an.     Clu-ni.   1007.  .52,  .5.") 
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etc.     Further  the  freezing  point  curve  Hes  wholly  between  the 
freezing  points  of  the  two  components,  as  shown  in  Fig.  1. 
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Fig.  1 

The  temperature  scale  is  shown  by  the  vertical,  the  com- 
position by  the  horizontal  lines.  The  curve  A  ci  g  B  shows  the 
beginning  of  freezing,  the  curve  A  h  f  B  the  end  of  freezing  or 
the  beginning  of  melting,  and  are  named  the  "liquidus"  and 
"soldus"  respectively.  Thus  above  AdgB  everything  is 
liquid,  below  AhfB  every  alloy  is  solid;  while  between  these  two 
curves,  the  "liquidus"  and  "solidus",  we  have  a  mixture  of 
liquid  and  solid  whose  compositions  are  given  by  these  two 
curves  as  their  name  implies.  For  example,  take  the  alloy  con- 
taining 50  per  cent,  of  A  and  50  per  cent,  of  B.  As  this  alloy 
cools  in  the  liquid  condition  the  temperature  finally  reaches 
the ' '  liquidus ' '  at  the  point  d  when  a  solid  of  the  composition  given 
by  the  "solidus"  curve,  namely  ch  begins  to  freeze-out,  thus 
enriching  the  liquid  in  the  metal  B.  Then  the  liquid  being  at 
its  freezing  point  and  being  enriched  continuously  in  B  follows 
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the  cun^e  along  dg  till  at  g  it  is  all  frozen.  Similarly  the  solid 
freezing  out  follows  the  composition  of  the  "solidus"  curve, 
by  difTusion,  and  so  becomes  enriched  in  B  progressively  from 
h  to  f  when  the  whole  mass  is  frozen.     The  resulting  alloy  is 


J 


I    ^ 


K\ 


LiQu'\d5o\ut\ons\ 


Cu^S 

1/27 


IIOZ 


1067 


a  solid  solution  of  A  and  B,  made  up  of  homogeneous  grains  in 
which  we  can  distinguish  neither  free  A  nor  free  B  under  the  high- 
est magnification.  In  other  words  A  and  B  arc  dissolved  in 
each  other  in  the  solid  state. 

Xow  under  ordinary  circumstances  of  freezing,  especially 
in  the  case  of  cast  metal,  diffusion  in  the  solid  does  not 
keep  pace  with  solidification  and  the  composition  of  the  solid 
which  has  frozen  out  is  no  longer  given  by  the  "solidus"  curve 
AhfB  but  lags  behind.  The  solid  alloy  consists  of  grains  and  den- 
drites which  are  not  homogeneous,  possessing  kernels  and  cores 
richer  in  A  with  envelopes  progressively  richer  in  B.  They  are, 
however,  made  homogeneous  by  annealing.  This  is  shown  in  Fig. 
5,*an  alloy  of  Ni  12^   per  cent.  Cu   87§   per  cent.,   magnified 
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35  diameters.  This  is  a  100  gm  melt  cooled  in  the  crucible  in 
air.  Distinct  dendrites  are  seen,  with  light-etching  cores  richer 
in  nickel  than  the  dark-etching  envelopes,  which,  of  course,  con- 
tain more  than  87|  per  cent,  copper.  Annealing  would  produce 
a  homogeneous  grain  structure. 


2S        31.  U 


16  ZO  2H 

5u\pKur    percer»^ 

Fig.  3 
Fig.  6  shows  a  section  enlarged  65  diameters  of  monel  metal, 
Ni  7lJ,  per  cent.,  Cu  26j   per  cent.,  Fe    ij    per   cent.,  melted 
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in  a  graphite  crucible  and  cooled  in  air.  Etching  with  nitric  acid 
shows  the  grain  boundaries  black,  whilst  the  nickel  rich  cores 
are  shown  in  relief,  especially  in  the  right  hand  grain.  This 
dendritic  structure  is  specially  well  shown  in  ingots,  for  the  freez- 
ing interval  x  h  (Fig.  1),  some  60°  C,  gives  a  marked  difference 
between  "liquidus"  and  "solidus"  in  composition.  Fig.  7 
is  a  section  of  a  small  ingot  of  monel  metal,  magnified  50  diameter, 
containing  Ni  69.3  per  cent.,  Cu  27.36  per  cent.,  Fe  2.76  per 
cent.,  viewed  from  near  the  outside.  The  structure  is  so  coarse 
that  only  part  of  one  grain  can  be  seen,  but  the  orientation  is 
plainly  discernible.  The  numerous  black  dots  are  etch  pits 
due  to  local  action  of  the  acid  around  tiny  spots  of  carbide  and 
oxide,  which  is  characteristic  of  the  etching  both  of  monel  metal 
and  other  alloys,  rich  in  nickel. 


HuS 


Fig.  4 
Rolling  breaks  up  the  grain.  The  first  effect  on  the  metal 
of  rolling  is  to  produce  slip-lines  within  the  grains.  As  the 
rolling  is  increased  the  slip-lines  increase,  the  grains  are  elongated, 
distorted  and  more  or  less  broken  up.  This  continues  until 
the  metal  is  too  hard  for  further  rolling  when  it  requires  to  be  re- 
heated or  annealed.  The  reheating  softens  the  metal  and  the 
grain-structure     is     completely     re-arranged.      The     distorted. 
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elongated  grains  disappear  and  in  their  place  we  find  more  or 
less  equal-sized,  polygonal  grains  with  sharp  boundaries,  and 
marked  twinning.  Fig.  8  is  a  section  enlarged  50  diameters 
of  rolled  monel  metal  cut  longitudinally.  The  elongation  and 
lamination  are  marked.  Fig.  11  is  the  same  metal  after  anneal- 
ing, enlarged  50  diameters,  and  all  trace  of  lamination  has  dis- 
appeared. The  grains  have  grown  in  size  and  are  mostly  twinned. 
The  grain  size  after  annealing  depends  on  several  factors  such  as 
amount  of  reduction  previous  to  annealing,  time  and  temperature 
of  annealing. 

Fig.  9  shows  a  cross  section  as  rolled  and  is  characteristic, 
while  Fig.  10  shows  the  metal  after  light  annealing.  The  grain 
is  not  as  coarse  as  in  Fig.  11,  because  the  time  of  annealing 
was  much  shorter. 

In  working  and  spinning  nickel,  German  silver,  monel  metal, 
etc.,  the  metal  occasionally  cracks.  This  may  be  due  to  poor 
annealing,  but  is  also  occasioned  by  intangled  impurities  such 
as  slag  or  oxide.  Fig.  12  shows  a  longitudinal  section  with 
such  a  faulty  spot,  due  to  segregation.  The  thin  black  streak 
appears  before  etching  and  is  oxide,  probably  caused  by  a  blow- 
hole. The  normal  metal  is  seen  to  the  right  and  left  of  the 
photograph. 

The  Effect  of  Carbon. 

While  it  seems  that  the  physical  properties  are  but  slightly 
affected  by  the  variation  in  the  percentage  of  nickel,  copper 
and  iron,  the  effect  of  manganese  and  perhaps  silicon,  is  more 
marked,  and  the  amount  and  state  of  carbon  has  a  very  pronoun- 
ed  effect.  The  amount  of  carbon  may  vary  from  0 .  05  to  0 . 5  per 
cent.,  the  higher  percentages  being  found  in  poorly  melted 
cast  metal.  This  carbon  may  be  present  as  carbide  dissolved 
in  solid  solution  in  the  metal  or  as  free  carbide  which  can  be  seen 
under  the  microscope  or  as  graphite,  or  both.  We  know  that 
nickel  under  certain  conditions,  takes  up  carbon  and  on  solidi- 
fication we  get  an  eutectic-like  structure  showing  graphite. 
The  same  occurs  in  monel  metal,  and  when  the  amount  of 
graphite  is  excessive  the  metal  is  brittle.  Again  the  carbon 
may  be  present  as  carbide,  probably  of  nickel,  and  this  carbide 
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undoubtedly  reduces  the  freezing  point  and  a  characteristic 
eutectic  structure  is  produced.  Fig.  13  shows  a  section  en- 
larged 50  diameters,  of  a  casting  made  from  metal  treated 
with  3^  per  cent,  ferro-manganese,  but  overcarburized  in  the 
melting.  It  resembles  a  section  of  "semi-steel."  The  den- 
drites are  the  copper-nickel  solid  solution  and  the  groundmass 
or  eutectic  is  composed  of  plates  of  carbide  set  in  the  solid 
solution.  In  places,  graphite  can  be  seen.  One  sample  with 
0.476  per  cent,  total  carbon  showed  0.20  per  cent,  graphite. 

A  grate  bar  of  monel  metal  used  in  a  furnace  for  burning 
carbonaceous  material  showed  signs  of  softening  and  melting  at  a 
temperature  of  less  than  1200°  C.  On  examination  it  was  found 
to  have  been  deeply  carburized  with  a  structure  like  that  in  Fig. 
13,  accounting  for  the  marked  lowering  of  the  melting  point. 
Such  metal  cannot  be  worked  hot,  and  this  probably  accounts 
for  the  statement  that  monel  metal  cannot  be  made  by  any  syn- 
thetic method.  Some  artificial  monel  metal,  containing  nickel 
68  per  cent.;  copper,  25  per  cent.;  iron,  1.5  per  cent.;  graphite, 
0.24  per  cent.,  was  examined  and  found  to  be  composed  of  coarse 
homogeneous  grains  around  which  were  seen  plates  of  carbide 
and  flakes  of  graphite.  The  metal  cut  and  polished  well.  On 
reheating  it  to  900°  C.  and  attempting  to  forge  it,  the  alloy 
crumbled  like  sugar,  Assuring  around  the  grains  following  the 
carbide.  Fig.  14  shows  this  artificial  monel  metal  after  forging. 
The  lighter  streaks  are  carbide,  the  darker  irregular  lines  are 
cracks,  in  many  cases  oxidized. 

It  is  often  asked  whether  monel  metal  owes  its  properties 
to  the  fact  that  it  is  reduced  directly  from  the  matte  without 
.separation  into  nickel  and  copper.  It  has  been  stated  that  the 
particles  of  each  seem  to  be  in  more  intimate  contact  than  can 
be  attained  by  any  synthetic  method  of  manufacture.  If  nickel, 
copper  and  iron,  etc.,  are  melted  together  to  form  a  homogeneous 
liquid  solution,  the  properties  of  the  metal  when  solid  cannot 
be  affected  by  the  comparative  sizes  or  form  of  the  different  con- 
stituents. Shot  metal  would  give  the  same  results  as  the  finest 
powder,  provided  all  other  factors  such  as  oxidation,  car- 
burization,  etc.,  were  eliminated.  The  constitution  of  the  matte 
being  considered,  it  will  be  apparent  that  the  roasted  matte 
must  be  composed  of  small  particles  of  separate  oxides,  which 
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are  reduced  to  metal  and  then  melted  together  and  the  metal 
ought  to  differ  in  no  respect  from  that  made  by  melting  the  con- 
stituents. 

The  Constitution  of  the  Sulphides  of  Nickel  and  Copper. 

It  is  necessary  to  ascertain  the  possible  constituents  of 
alloys  containing  nickel,  copper  and  sulphur  before  determining 
the  constitution  of  the  matte.  That  this  is  complex  is  shown  by 
Fig.  15,  which  is  a  section  of  a  sample  of  slowly  cooled  matte 
(Orford  Copper  Company's  works)  containing  about  50  per  cent, 
nickel,  23^  per  cent,  copper,  and  16^  per  cent,  sulphur  etched 
with  nitric  acid.  Here  the  dark-etched  crystals  have  distinct 
form  and  may  be  metal  or  sulphide;  the  grey  grains  are  copper 
sulphide  and  the  light  groundmass  is  nickel  sulphide,  with  an 
eutectic-like  structure. 

The  alloys  of  copper  and  copper  sulphide  have  been  investi- 
gated by  Heyn  and  Bauer*^  and  their  thermal  diagram  is  given  in 
Fig.  2  of  which  the  following  is  a  brief  explanation:  Copper 
and  copper  sulphide  are  insoluble  in  each  other  in  the  solid 
state,  and  their  solubility  in  the  liquid  state  is  limited.  The 
freezing  point  curve  or  liquidus  A  B  C  D  E  is  cut  by  the  solu- 
bility curve  C  j  k  D  at  C  and  D.  Any  alloy  within  this  solubility 
curve  is  composed  of  two  conjugate  liquid  solutions  whose  com- 
positions vary  with  the  temperature  and  are  given  by  the  two 
branches  of  the  curve  C  j  and  D  k.  Any  alloy  containing  more 
than  85  per  cent.  Cuo  S  begins  to  freeze  out  crystals  of  Cu2  S 
when  the  temperature  reaches  the  liquidus  E  D  thus  enriching 
the  liquid  in  copper  until  at  1102°  C  the  liquid  has  the  com- 
position D  or  85  per  cent.  Cu2  S.  This  liquid  now  freezes  at 
a  constant  temperature,  1102°  C,  by  forming  solid  Cuo  S  and 
the  liquid  C,  9  per  cent.  Cu2  S,  thus:— 

liquid  D  :=  solid  CU2S  +  liquid  C. 

This  continues  until  all  of  the  liquid  D  has  disappeared  when 
the  liquid  C  begins  to  freeze  out  CU2S  crystals.    The  CU2S  crystals 
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continue  to  separate  out  and  the  composition  of  the  liquid 
changes  from  C  to  B  as  the  temperature  falls  until  at  1067°  C. 
its  composition  is  B  or  3.8%  CU2S.  This  is  the  eutectic  of  the 
series,  or  the  alloy  with  the  lowest  freezing  point  and  it  solidi- 
fies as  a  mechanical  mixture  of  Cu  and  CuoS. 

Any  alloy  between  9  and  85  per  cent.  CU2S  is  composed  of 
two  liquid  solutions  whose  compositions  at  1102°  C.  are  Cor 
9  per  cent,  and  D  or  85  per  cent.  CuoS.  Then  D  splits  up 
into  solid  CU2S  and  liquid  C  as  before  until  all  of  it  has  disappear- 
ed, when  the  liquid  C  freezes  out  CU2S  as  described.  Any  alloy 
with  3.8  to  9  per  cent.  CU2S  begins  to  freeze  on  reaching  the 
liquidus  C  B  by  separating  out  CU2S  and  the  eutectic  finally 
freezes  at  1067°  C.  as  before. 

Alloys  with  0  to  3 . 8  per  cent.  CU2S  begin  to  freeze  on  reaching 
the  liquidus  A  B  by  separating  out  grains  and  dendrites  of  cop- 
per, thus  enriching  the  liquid  in  CU2S,  until  at  1067°  C.  the  liquid 
has  the  eutectic  composition  B  or  3.8  per  cent.  CU2S  and  freezes 
as  a  mechanical  mixture  of  Cu  and  CuoS  as  before.  Thus  the  two 
constituents  of  the  series  are  copper  and  copper  sulphide. 
Fig.  17  would  serve  to  illustrate  an  alloy  between  3.8  and  9 
per  cent.  CU2S,  the  dark  grains  being  the  excess  CU2S  and  the 
ground  mass  the  eutectic,  a  mechanical  mixture  of  Cu  and  CuoS. 
Similarly  Fig.  18  would  represent  an  alloy  between  pure  copper 
and  the  eutectic,  3.8  per  cent.  CU2S,  the  white  dendrites  being 
the  excess  copper. 

The  alloys  of  nickel  and  nickel  sulphide  have  been  investigat- 
ed by  Bornemann*  and  his  thermal  diagram  is  given  in  Fig. 
3,  which  shows  a  eutectic  E  at  21^  per  cent.  S  and  644°  C. 
composed  of  a  solid  solution  beta,  2.2  per  cent.  S  and  Ni3S2  con- 
taining some  Ni  in  solid  solution,  or  gamma.  Changes  in  the  solid 
state  occur  as  in  steel  or  the  bronzes.  At  ordinary  temperatures 
wc  find  only  pure  nickel,  Ni3S2  (26.7  per  cent.  S)  and  NioS.-, 
(31 .3  per  cent.  S),  so  that  melts  with  less  than  2l|  per  cent.  S 
are  composed  of  Ni  and  Ni3S2,  the  excess  Ni  occurring  in  dcnditric 
form,  the  Ni^Sj  in  the  groundmass. 

The  constitution  of  fused  copper  nickel  sulphitles  saw 
studied  by  Jaeger  and  Mayer,'"  who  made  up  a  scries  of  alloys 
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of  CU2S  and  Ni3S2  and  determined  the  freezing  point  curve 
from  which  Fig.  4  is  taken.  They  found  that  by  keeping  nickel 
sulphide  molten  a  constant  composition  was  reached  corresponding 
to  Ni3S2  with  a  freezing  point  of  789°C.  The  curve  shows  an 
eutectic  at  32  per  cent.  CU2S  and  734°C.  A  metallographic 
study  of  the  melts  showed  some  anomalies.  The  alloy  with  60 
per  cent.  Ni3S2  which  ought  to  show  Cu^S  in  excess  contained 
also  blotches  of  Ni3S2.  Beyond  the  eutectic  both  Ni3S2  and  CuoS 
separate  out  as  excess,  while  with  90  per  cent.  Ni3S2  the  alloys 
consist  of  CU2S  and  Ni3S2  with  an  absence  of  eutectic  struc- 
ture. 

Kern  and  Walter  in  a  paper  on  the  roasting  of  nickel-copper 
mattes^^  prepared  Ni5S4,  69.5%  Ni  and  alloyed  it  with  CU2S. 
Freezing  point  determinations  gave: — 

CuoS— 1110  C.  .\i5S4— 790  C.  Cul-S  &  Xi.-,S4 

64  Cu-jS  :  36  Xi.-,S4  begins  to  freeze  at  948    C.     Eutectic  740    C. 
50  Cu,.S  :  .50  Xi.-,S4  "  899    C.  "         740   C. 

40  Cu-iS  :  60  Xi.-,54  shows  eutectic  point  only 736    C. 

They  examined  some  matte  from  the  Orford  Copper  Co., 
containing  Xi  55.95  :  Cu  23.5  :  S  16.19,  and  found  it  to  be 
a  mixture  of  Xi2S,  Cu^S  and  metal  ;  for  disregarding  the 
4 .  36  per  cent,  of  other  constituents,  the  copper  requires  5 .  88%  S 
to  form  CU2S,  the  nickel  15.25  per  cent.  S  to  form  NioS  or  21 .  13 
per  cent.  S  in  all,  a  deficiency  of  4.94  per  cent.  S.  They  found 
that  2  per  cent,  nitric  acid  in  alcohol  attacks  the  Ni2S  rapidly, 
the  CU2S  more  slowly.  The  Ni^S  was  seen  as  cavities  (Fig.  15), 
the  CU2S  dark  and  rough,  the  metal  as  a  bright  yellow-tinged 
groundmass  surrounding  the  Ni2S  and  CU2S.  What  they  call 
metal  is  evidently  nickel  sulphide. 

If  nickel  sulphide  and  copper  sulphide  are  melted  together 
the  alloys  are  readily  formed.  Fig.  16  shows  an  alloy  of  50 
per  cent,  nickel  sulphide,  50  per  cent,  copper  sulphide  enlarged 
50  diameters.  The  dark  spots  are  CU2S  in  excess,  the  ground- 
mass  is  the  eutectic,  a  mechanical  mixture  of  CU2S  and  nickel 
sulphide,  in  which  several  globules  and  dendrites  of  the  nickel 
sulphide  are  also  seen  as  found  by  Jaeger  and  Mayer.     Under 
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a  higher  power  the  structure  Is  very  well  seen  as  in  Fig.  17  to  20 
all  magnified  300  diameters.  Fig.  17  shows  CU2S  in  excess  sur- 
rounded by  the  eutectic,  Fig.  18  shows  the  yellowish  nickel 
sulphide  in  excess  set  in  the  eutectic  whilst  Fig.  19  shows  the 
structure  of  the  eutectic  alone  or  32  per  cent.  CU2S,  68  per  cent. 
NiaSo  according  to  Jaeger  and  Mayer.  In  Fig.  20  w'e  have  the 
anomolous  case  of  excess  of  both  the  sulphides  surrounded  by 
the  eutectic. 

In  regard  to  the  identity  of  the  nickel  sulphide,  Borne- 
mann's  cur\'e,  Fig.  3,  coupled  with  Jaeger  and  Mayer's  results 
seem  to  prove  that  we  have  Ni3S2  and  not  Ni5S4.  Ni2S  does 
not  occur  in  the  diagram  and  is,  therefore,  not  to  be  expected 
in  the  binary  series  of  copper  and  nickel  sulphides,  which  we 
can  assume  consist  of  CU2S  and  Ni3S2. 

Referring  now  to  the  matte  shown  in  Fig.  15:  Its  structure 
consists  of  dendrites  of  a  white  metallic  substance  (Ni2S  of  Kern 
and  Walter),  irregular  dark  grains  of  CU2S,  surrounded  by  the 
yellow  groundmass  of  Ni3S2  with  a  complex  structure  as  if  it 
had  undergone  some  change  in  the  solid  and  thus  we  know  Ni3S2 
or  Y  does  as  seen  in  Fig.  3.  Hence  it  is  natural  to  assume  that  the 
white  metallic  dendrites  were  originally  gamma  and  transformed 
to  pure  Ni  (or  a  nickel-copper  solid  solution),  by  further  precipita- 
tion of  Ni3S2  as  shown  in  the  diagram.  Now  a  matte  composed 
of  such  Ni3S2  and  CU2S,  with  a  small  excess  of  metal,  on  roasting 
would  become  a  mixture  of  oxides,  separate  and  distinct,  and  these 
on  reduction  and  melting  would  result  in  a  liquid  alloy  in  noway 
different  from  that  made  b}'  melting  together  the  individual 
metals.  Hence  the  peculiar  properties  of  monel  metal  compared 
with  those  of  the  synthetic  alloy  must  be  due  to  the  fact  that  the 
latter  has  not  been  made  of  the  identical  composition,  just  as 
in  the  case  of  cast  iron  we  may  have  two  samples  of  apparently 
the  same  identical  composition,  yet  their  structure  and  proper- 
ties are  quite  different. 

In  conclusion,  my  thanks  are  due  to  Professor  Hofman  for 
the  information  on  the  copper  nickel  sulphides  in  the  thesis  of 
Jaeger  and  Mayer. 


Fig  5. — Xi  12",.  Cu  87 


Fig.  6. — MuiiL'l  Metal  slow  cool  x  65. 
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Fig.  7. — Moncl  Metal,  Ingot  xoO. 


Fig.  8.— Monel  Metal,  Rolled  xoO. 


Fig.  9. — Moncl  Metal,  as  Rolled  x.50. 


Fig.  10. — Light  Anneal  x  .50. 


Fig.  11.— Heavy  Anneal  .\  50 


Fig.  12.— Haw  .\  50 
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Fig.  13.— Carl.i.kiii  .Monti  .Mt-tal  x  50 


Fig.  14.— .\riiti(  iai  .\l(.rifl  .Metal  x.iO. 
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Fig.  15.— Orford  Matte  x  50 


Fig.  U).— CuL'h  50:  \i3?2  50x  50 
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Fig.  17. — Excess  Cu-S  in  Entcctic  x300 


Fig.  18. — Excess  NisSo  inEntectic  x300 


Fig.  19. — Entectic  alone  X  500. 


Fig.  2C.— Excess  Cu^S  and  NisSs  x  300 


PRELIMINARY   EXPERIMENTS   ON   THE   METAL 
COBALT   AND    ITS   ALLOYS.* 

By  H.  T.  Kalmus,  S.B.,  Ph.D. 
{Animal  i\feeti>iff,  Otfa~n.-a,  Maicfi,  igis) 

So  far  mine  operators  in  the  Cobalt  district  have  reaUzed 
a  merely  insignificant  return  on  the  cobalt  contained  in  the  ores, 
which  in  that  region  are  mined  essentially  for  silver.  If  mar- 
keted at  a  fair  price  the  cobalt  already  produced  would  represent 
many  millions  of  dollars.  At  present,  much  of  this  cobalt  is 
on  the  dumps  in  the  smelter  yards,  for  the  reason  that  there  is 
no  existing  demand  for  the  metal  beyond  the  limited  require- 
ments occasioned  by  its  use  as  a  colouring  substance.  To  meet 
this  demand,  however,  black  cobalt  oxide,  to  an  amount  equi- 
valent to  about  one-third  of  the  present  annual  production  from 
the  Cobalt  district,  is  marketed  by  the  smelters.  Thus  two- 
thirds  of  the  production  is  not  utilized,  while  there  is  in  addition 
a  large  surplus  representing  the  output  of  former  years.  If, 
therefore,  other  uses  for  cobalt  can  be  successfully  indicated, 
the  advantage  to  the  industry  in  Ontario  will  be  unquestionable. 
In  the  present  paper,  the  author  outlines  some  of  his  experiments 
to  this  end,  conducted  for  the  Mines  Branch  of  the  Dominion 
Department  of  Mines,  in  the  Research  Laboratory  of  Applied 
Electro-chemistry  and  Metallurgy,  of  the  School  of  Mining, 
Queens  University,  Kingston. 

The  purposes  of  these  researches  are : 

\.  To  study  and  investigate  the  properties  of  the  metal 
col  xt  and  of  many  of  its  alloys,  with  a  view  to  extending  their 
industrial  uses. 

2.  To  confirm  the  results  of  other  investigators,  some  of 
whom  very  recently  have  been  preparing  remarkable  alloys  of 
cobalt. 
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3.  To  stimulate  other  investigators,  particularly  those 
connected  with  large  alloy  producers,  and  to  study  the  effect 
of  additions  of  cobalt  to  a  variety  of  important  alloys. 

4.  To  investigate  uses  of  cobalt,  other  than  as  a  compo- 
nent of  alloys,  such  as  for  storage  battery  electrodes,  for  electro 
plating,  as  chemical  catalyser,  etc. 

Raiv  7naterials  from  the  smelters. — A  \ariety  of  waste  pro- 
ducts running  high  in  cobalt  may  be  obtained  from  the 
smelters,  but  inasmuch  as  the  process  for  the  production  of  fairly 
pure  cobalt  oxide  has  been  very  completely  worked  out,  and  is 
being  practised  on  a  large  scale  by  the  Canadian  Copper  Co.,^ 
Copper  Cliff,  Ont.,  the  Deioro  Mining  and  Reduction  Co., 
Deloro,  Ont.,  the  Coniagas  Reduction  Co.,  Thorold,  Ont.,  and 
the  Canada  Refining  and  Smelting  Co.,"  Ltd.,  Orillia,  Ont., 
it  seemed  advisable  to  use  this  oxide  as  an  initial  substance. 
Thus  far,  cobalt  oxide,  and  mixed  cobalt  and  nickel  oxides, 
obtained  from  the  Deloro  Mining  and  Reduction  Co.,  have  been 
used  as  the  initial  substance  for  the  experiments.  The  writer 
wishes  to  express  the  indebtedness  of  this  laboratory  to  the  Deloro 
Mining  and  Reduction  Co.,  for  500  lbs",  of  this  oxide  for  use  in 
these  experiments. 

Purification  of  cobalt  oxide. — It  is  important  in  studying 
the  properties  of  cobalt  alloys,  that  the  properties  of  the  pure 
metal  itself  be  thoroughly  established.  For  this  purpose  ex- 
tremely pure  metal  must  be  obtained,  and  consequently  between 
50-100  lbs.  of  the  oxide  have  been  purified  with  extreme  care. 

The  iron  and  arsenic  were  removed  from  a  solution  of 
the  oxide  in  hydrochloric  acid,  by  precipitation  with  marble; 
and  a  separation  of  the  nickel  was  brought  about  by  use  of  the 
differential  precipitation  of  the  hydrates  of  nickel  and  cobalt 
by  means  of  a  bleach  solution;  and  finally  the  sulphur  was 
removed  with  sodium  carbonate  and  hydrochloric  acid. 

The  original  oxide  analyzed: — 

Co 70.36% 

Ni 1.12% 

Fe : 82% 

S 45% 

(1)  Cobalt  plant  recently  closed  down. 

(2)  Main   buildings  destroyed   by   fire   in   January.    191.1. 
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The  oxide  purified  by  this  method  (June,  1912)  analyzed: — 

Co 71.99% 

Ni 04% 

Fe 11% 

S 02% 

Preparation  of  metallic  cobalt  by  direct  reduction  of  oxide. — 
From  the  fairly  pure  cobalt  oxide  (C03  O4)  there  are  several 
possible  methods  of  obtaining  metallic  cobalt  in  a  reasonably 
pure  form: — 

I.  By  reduction  with  hydrogen  gas. 
II.  By  reduction  with  carbon  monoxide  gas. 

III,  By  reduction  with  aluminium. 

IV.  By  reduction  with  carbon. 

With  the  present  commercial  possibilities  for  the  production 
of  water  gas,  of  producer  gas,  and  indeed  of  pure  hydrogen, 
as  practised  by  the  General  Electric  Co.,  at  Schenectady,  N.Y., 
for  the  reduction  of  metallic  oxides,  any  of  these  four  methods 
might  ultimately  be  used  on  a  large  commercial  scale.  Hence, 
an  investigation  of  the  chemical  equilibria  involved  in  these 
reactions  has  been  and  is  being  made. 

Reduction  of  cobalt  oxide  by  hydrogen  gas. — One  set  of  experi- 
ments has  been  completed  and  another  set  is  under  way  to 
determine  the  rate  of  the  reaction,  C03 O4+  4  H2  ^=^  3  Co  +  4  H2  O 
in  the  presence  of  an  excess  of  hydrogen  and  at  various  tempera- 
tures between  500°C  and  1100°C. 

The  hydrogen  used  was  purified  and  dried  in  the  usual 
way,  and  finally  passed  into  a  horizontal  tube  electric  furnace, 
which  was  the  reaction  chamber,  and  from  the  end  of  which  the 
excess  of  hydrogen  was  burned.  The  temperature  of  the  reaction 
chamber  could  be  controlled  to  be  constant,  within  from 
10°C  to  20°C,  during  a  run,  at  any  temperature  from  500°C  to 
1500°C. 

Charge  and  run. — Alundum  boats  were  charged  with  a 
shallow  layer  of  cobalt  oxide  (Co3  04),both  boat  and  oxide  having 
been  dried  to  constant  weight.  This  charge  was  kept  within 
the  heating  chamber  for  various  lengths  of  time,   at  various 
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temperatures,  in  a  current  of  hydrogen.  At  the  end  of  a  definite 
measured  time  the  boats  were  cooled  in  an  atmosphere  of  hydro- 
gen and  reweighed,  to  ascertain  the  amount  of  reduction. 

All  the  observations  were  made  in  duplicate,  and  concordant 
results  were  for  the  most  part  obtained.  A  series  of  observa- 
tions was  made,  of  about  20  weighings  each,  at  the  following 
temperatures,  585°C,  724°C,  82o°C,  964°C,  1065°C. 

Temperature  measicretncnts. — Temperature  measurements 
were  made  with  a  platinum,  platinum-rhodium  thermo-element, 
which  was  standardized  from  time  to  time  against  the  known 
melting  points  of  a  series  of  metals. 

Prelijnmary  conclusions. — The  reduction  at  the  lower  tem- 
peratures takes  place  more  slowly  than  at  the  higher  tempera- 
tures, and  after  a  short  time  the  rate  of  reduction  becomes  so 
slow  that  the  reaction  could  not  economically  be  carried  further. 
For  example,  at  585°C,  at  the  end  of  15  minutes,  the  reduction 
is  96.2%^  complete,  whereas  at  the  end  of  an  hour  it  has  only 
increased  to  97.0%  complete.  At  the  higher  temperature, 
1073°C,  at  the  end  of  five  minutes  the  oxide  is  99.4%  reduced, 
and  reaches  practical  completion  by  the  efid  of  an  hour. 

A  complete  set  of  curves  will  ultimately  be  published 
plotting  time  of  reaction  against  percentage  of  reduction,  each 
curve  showing  the  phenomenon  at  one  temperature.  One 
complete  set  of  these  curves  has  been  determined  and  experiments 
are  being  carried  out  for  a  second  set. 

Until  this  second  set  has  been  completed,  the  figures  gi\en 
must  be  considered  as  preliminary. 

Reducfio7i  of  cobalt  oxide  by  carbo)i  monoxide  gas. — In  a 
manner  similar  to  that  of  the  reduction  of  cobalt  oxide  by 
hydrogen,  the  reduction  with  carbon  monoxide  gas,  at  various 
temperatures,   was   studied. 

The  runs  with  carbon  monoxide  are  still  in  progress,  but 
a  sufficient  number  have  been  made,  to  determine  that  the 
curves  showing  the  rate  of  reaction  at  different  temperatures, 
are  similar  to  those  of  hydrogen,  but  that  carbon  monoxide 
is  a  more  vigorous  reagent.  We  find,  for  instance,  that  at 
the  low  temperature  585*0,  with  CO,  reduction  is  nearly  98% 

^  These  percentages  are  based  upon  cobalt  oxide  analysing  71.99% 
cobalt,  which  was  used,  and  which  is  somewhat  higher  in  Co  than  Coa  Oa. 
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complete  at  the  end  of  15  minutes,  whereas,  at  the  same  temper- 
ature, with  hydrogen,  at  the  end  of  15  minutes  the  reduction 
was  less  than  96.5%  complete. 

Reduction  of  cobalt  oxide  by  carbon. — The  theoretical  amount 
of  powdered  anthracite  coal  to  reduce  a  charge  of  about  5  lbs.  of 
cobalt  oxide,  was  intimately  mixed  with  it,  and  the  mixture  heated 
in  an   oil  crucible  furnace,   or  in  an  electric  crucible  furnace. 

In  this  way  it  was  readily  found  possible  to  obtain  a  yield 
of  metallic  cobalt  in  the  neighbourhood  of  95%,  and  in  many 
cases  of  between  99-100%.  The  complete  data  of  these  runs, 
as  well  as  similar  ones  with  charcoal,  now  in  progress, 
will  be  published  independently,  but  a  few  characteristic 
figures,  taken  from  many,  will  indicate  briefly  the  nature  of  the 
results.  At  1200°C,  1^  hours  serve  to  bring  about  complete 
reduction,  while  at  900°C  2\  hours  is  not  sufihcient. 

Analysis  shows  that  the  metal  obtained  in  this  way,  by  car- 
bon reduction,  is  fairly  free  from  carbon,  usually  running  from 
2  to  .3%C.  Moreover,  by  soaking  the  melt,  at  a  higher  temper- 
ature, in  an  electric  furnace,  with  addition  of  a  small  quantity 
of  lime,  the  carbon  may  be  almost  completely  removed. 

Economic  considerations. — This  method  of  preparation  of 
metallic  cobalt,  by  direct  reduction  with  carbon,  could  be  prac- 
ticed industrially  at  a  very  low  cost.  We  are  able,  in  electric 
furnaces  not  especially  designed  for  that  work,  to  reduce  enough 
oxide  to  produce  15  lbs.  of  metal  in  about  1  hour,  absorbing  20 
kw.  Thus  on  a  commercial  basis  the  power  charge  for  this  re- 
duction would  be  small. 

Properties  of  the  Metal  Cobalt. 

The  metal  cobalt  is  in  general  appearnace  not  very  different 
from  nickel  but  is  somewhat  more  lustrous.  It  alloys  in  a 
great  variety  of  proportions  with  nearly  all  the  important 
metals. 

Melting  point  of  the  metal  cobalt. — A  long  series  of  melting 
point  determinations  were  made  in  a  General  Electric  Co. 
Arsem  electric  vacuum  furnace,  using  pure  alumina  crucibles. 
Cooling  curves  were  obtained,   and   temperature  observations 
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made  with  a  Wanner  optical  pyrometer.  This  pyrometer 
was  standardized  before  and  after  each  run  against  an  amylace- 
tate  lamp,  in  accordance  with  a  calibration  certificate  from  the 
Physikalisch-Technische  Reichsanstalt,  Charlottenburg,  and  as 
well,  the  pyrometer  was  calibrated  against  known  melting 
points  of  metals  from  time  to  time,  which  observations  agreed 
with  the  Reichsanstalt  curve  to  within  a  few  degrees. 

The  mean  of  a  set  of  six  such  melting  point  measurements, 
the  average  deviation  of  a  single  observation  from  the  mean 
being  1.8°C,  gives  the  melting  point  of  pure  cobalt  to  be 
1497°C  or  2727°F. 

Casting  properties  of  metallic  cobalt. — Cobalt  when  cast  in 
sand  or  in  iron  moulds,  shows  a  marked  tendency  to  occlude 
gases.  We  obtained  perfectly  sound  castings  by  adding  a 
few  tenths  of  a  percent  of  Mn,  and  by  soaking,  that  is,  by  holding 
the  melt  for  about  \  hr.,  just  before  pouring,  at  a  temperature 
not  very  far  above  its  melting  point. 

Turning,  rolling,  and  forging  properties  of  the  metal  cobalt. — 
Castings  of  cobalt  in  the  neighbourhood  of  99.5%  pure  may 
readily  be  turned  with  the  ordinary  lathe  tools.  Cobalt  may 
be  rolled  and  forged  in  a  manner  and  to  a  degree  very  similar  to 
nickel. 

Hardness  of  the  metal  cobalt, — Hardness  measurements  of 
this  metal,  as  of  its  alloys,  were  made  on  a  standard  Olsen 
Hardness  Testing  Machine  of  10,000  lbs.  capacity,  T,  Olsen,  Phil- 
adelphia, Pa.,  maker.  Hardness  values  are  given  in  the  Brinell 
system,  that  is,  the  hardness  number  is  the  ratio  of  the  load 
in  kilograms,  to  the  area  of  the  spherical  surface  of  the  cavity 
produced  by  the  penetration  of  a  hardened  steel  ball  of  given 
diameter,  measured  in  square  millimeters. 

Brinell  hardness  oj  cobalt. — About  25  Brinell  hardness 
measurements  have  been  made,  with  fairly  pure  cobalt,  which  vary 
among  themselves  depending  upon  the  method  of  casting  and 
upon  the  heat  treatment  of  the  sample.  Some  attempt  is  being 
made  to  differentiate  the  hardness  of  cobalt  cast  in  sand  moulds 
and  in  iron  moulds,  and  to  give  figures  showing  the  effect  of 
annealing  and  quenching.  These  data  will  be  given  in  the  sub- 
sequent complete  publication,  but  for  the  present  we  may  give 


Cobalt  and  its  Alloys — Kalmus.  261 

as  the  mean  of  a  number  of  determinations  the  following  values: — 
Brinell  hardness,  metallic  cobalt,  chilled  from  melting pt..  90.8 
Brinell  hardness,  metallic  cobalt,  annealed  from  250°C. .  .  77.3 
These  figures  while  not  final,  serve  to  show  that  cast  cobalt 
has  about  the  hardness  of  wrought  iron. 

The  following  table  of  the  Brinell  hardness  of  some  standard 
substances  is  given  for  reference : — 

Copper, rolled  sheet 65.6 

Swedish  iron 90 . 7 

Wrought  iron 92 . 0 

Cast  iron 97.8 

Mild  steel 109 . 9 

Tool  steel 153.8 

Spring  steel 160 . 3 

Tool  steel,  S.H 180 . 0 

Tensihle  strength  and  compressive  strength  of  the  cobalt. — 
The  tension  and  compression  tests  were  made  with  a  Riehle 
Universal  Standard  Vertical  Screw  Power  Testing  Machine, 
Riehle  Testing  Machine  Co.,  Philadelphia,  Pa.,  of  100,000  lbs. 
capacity,  operated  by  direct  connection  to  an  electric  motor, 
or  with  a  Riehle  Universal  Standard  Vertical  Hydraulic  Testing 
Machine  of  50,000  lbs.  capacity. 

Test  Bars. — All  bars  for  tensile  strength  measurements 
have  been  either  "Standard  Bars";  or  "Proportional  Bars", 
as  recommended  and  adopted  by  the  International  Association 
for  Testing  Materials.  Compression  test  pieces  have  been  made 
of  circular  cross-section,  f"  diameter,  and  l\"  length. 

For  each  of  these  determinations  the  extensibility  or  ultimate 
elongation  has  been  measured. 

The  mean  of  a  number  of  tensile  strength  measurements, 
agreeing  fairly  among  themselves,  shows  the  the  tensile  strength 
of  the  metal  cobalt  to  be  61,000  lbs.  per  sq.  in. 

Similarly  the  compressive  strength  of  the  metal  cobalt 
was  found  to  be  158,000  lbs.  per  sq.  in. 

Both  the  compressive  and  tensile  yield  points  are  low, 
as  might  be  expected  for  the  pure  metal,  and  the  elongation  and 
reduction  of  area  for  the  tensile  tests  are  very  high. 
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Electro-plating  metallic  cobalt. — A  series  of  experiments  was 
performed  on  the  electro-deposition  of  metallic  cobalt.  In  a 
general  way  cobalt  may  be  plated  from  an  alkali  solution  in  very 
much  the  same  way  as  nickel  is  plated.  A  current  density  of 
15  milliamperes  per  sq.  cm.  or  lower,  gives  a  brighter  and  more 
uniform  deposit  than  current  densities  higher  than  this  value. 
The  cobalt  surfaces  are  somewhat  tougher  than  the  corresponding 
nickel  ones,  and  certain  nickel-cobalt  alloys  have  been  plated  out 
which  are  of  sufificient  toughness  to  be  of  interest  to  the  commer- 
cial electro-plater. 

Cobalt-chromium  alloys. — Certain  alloys  of  cobalt  and 
chromium  were  reported  upon  last  September  by  Mr.  Ellwood 
Haynes,  at  the  meeting  of  the  Eighth  International  Congress 
of  Applied  Chemistry.  Some  of  these  alloys  containing  cobalt, 
chromium,  tungsten  and  molybdenum,  he  found  to  be  greatly 
superior  to  the  best  self-hardening  steels,  for  use  as  lathe  tools. 

We  have  cast  a  number  of  his  best  alloys,  and  in  addition, 
a  variety  of  other  cobalt,  chromium,  tungsten,  molybdenum 
alloys.  In  a  general  way  we  are  obtaining  a  confirmation  of  the 
remarkable  cutting  and  acid-resisting  properties  of  these  alloys 
as  reported  upon  by  him.  The  chromium  used  in  preparing 
the  cobalt-chromium  series  was  obtained  from  the  Goldschimdt 
Thermit  Co.,  of  New  York,  and  analyzed  as  follows: — 

Cr 99.2  % 

Si 25% 

Fe 50% 

Al 45%, 

S 10% 

Tiic  cobalt  was  prepared  in  this  laboratory  by  carbon 
monoxide  or  carbon  reduction  as  described  above.  It  anal>'xcd 
as  follows: — 

Co 99.3  % 

Ni ; 20% 

Fe 21% 

C 20% 

S 02   to   .03% 


Cobalt  and  its  Alloys — Kalmus. 


263 


These  cobalt-chromium  tungsten  alloys  were  found  to  be 
superior  to  the  corresponding  nickel-chromium  tungsten  alloys, 
for  use  as  lathe  tools,  but  certain  iron-cobalt-tungsten  alloys  are 
as  good  or  better  than  either  of  these.  For  example,  Fi  73%, 
Co  15%,  W  5%,  Cr  7%,  makes  a  superior  cutting  tool,  and 
should  be  considerably  less  expensive. 

Furnace. — These  alloys  were  prepared  in  an  electric  cru- 
cible-furnace of  the  carbon-plate  resistor  type.  This  furnace 
could  be  maintained  constant  to  within  10-15°C,  at  any  temper- 
ature from  1000°C  to  1800°C,  and  absorbs  up  to  30  KW. 

Before  studying  the  eiffect  of  tungsten  or  molybdenum,  a 
long  series  of  alloys,  beginning  with  pure  cobalt,  and  passing  in 
steps  of  a  few  percent,  of  chromium,  to  alloys  of  such  high 
chromium  constant  that  they  are  too  brittle  to  be  of  any  possible 
service  was  studied. 

Melting  Point. — The  melting  point  of  the  alloy  containing 
55%  cobalt  is  about  1350°C,  which  is  the  lowest  melting  point 
of  the  series.  The  most  useful  alloys  for  the  preparation  of  cut- 
ting tools  contain  between  60-80%  cobalt,  and  melt  between 
1400°C-1460°C. 

Hardness. — The  hardness  of  these  cobalt-chromium  alloys 
is  extreme,  particularly  if  one  or  two  per  cent,  of  molybdenum  be 
added.  This  is  clearly  shown  by  the  following  table,  when  we 
bear  in  mind  that  the  Brinell  hardness  of  good  self-hardening 
steel  is  about  180. 

Hardness. 


Sample  Xo. 

Composition 

Pouring  and  Casting 

Brinell  Hardness 

H  55 

Co  70%,  Cr  29% 

Poured  at  1640  C,  iron 

Mean  of  four  ob- 

Mo 1% 

mould,      manganese 

servations.  Load 

deeasifier. 

3500  lbs 229 

H  19 

Co  78.5%       iPoured  at  1640  C 

Load  3500  lbs.  .  .  .    225 

Cr   22.5% 

H  56 

Co  69%,,  Cr  29%, 

Poured  at  1640  C,  iron 

Mean  of  five  ob- 

Mo 2%. 

mould,      manganese 

servations.  Load 

degasifier. 

3500  lbs 20S 

H57 

Co  74%,  Cr  24%, 

Poured  in  iron  mould, 

Mean    of   six   ob- 

Mo 2% 

cooled  slowly,  ferro- 

servations.  Load 

silicon  addition,   2% 

3.500  lbs 194 
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Cobalt  Chromium  Alloys  with  High  Percentage  of  Tung- 
sten AND  Molybdenum. 

An  alloy  containing  Co  45%,  Cr  15%,  W  40%,  was 
prepared,  which  is  sufficiently  hard  to  drill  glass  dry. 

A  lathe  tool  was  made  of  this,  and  compared  at  the  Canadian 
Locomotive  Works,  Kingston,  Ontario,  with  their  best  self-hard- 
ening tool  steel.  It  was  found  to  be  definitely  superior  for 
high  speed  cutting  of  cast  iron  and  steel,  and  further  quantitative 
comparative  tests  on  a  boring  mill  are  in  progress.  The  numer- 
ical comparisons,  showing  speeds,  depth  and  length  of  cut, 
volume  of  materials  removed,  for  the  new  alloy  and  for  the  self- 
hardening  steels  will  be  published  independently. 

Alloys  containing  Co  60%,  Cr  15%,  W  25%,  arc  found 
to  be  as  good,  if  not  better,  than  the  best  self-hardening  tool 
steel,  as  tested  at  the  School  of  Mining  mechanical  workshops. 
These  are  being  further  tested  at  the  Canadian  Locomotive 
Works'  shops. 

Working  and  rolling  properties. — A  number  of  these  alloys 
have  been  forged  both  hot  and  cold,  and  a  few  samples  have 
been  sent  to  the  Montreal  Rolling  Mills  to  test  the  possibilities 
of  working  them. 

In  general,  the  samples  thus  far  forged  and  rolled  may 
be  said  to  be  hot  short,  but  it  is  possible  to  forge  them  into 
shape  for  cutting  tools,  if  care  be  exercised  not  to  raise  the 
temperature  beyond  a  dull  red.  The  rolling  experiments  have 
thus  far  been  made  at  a  somewhat  too  high  temperature,  but 
further  samples  arc  being  tested. 

Strength  Tests. 


Sample  No, 


Composition 


Pouring  and 

Casting  and  Heating 

Treatment 


Tensile  Strength 


H  19A 

H  38A 


Co  78%,  Cr  22% 

Co 80%,  Cr  19.8% 
Mn  .2% 


Cast    in    sand    mould    at 

1600  C. 
Cast  in  sand  mould  in  form 

of  test  bar. 


94800  lbs.  per  sq. 

inch. 
95000  lbs.  per  sq. 
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The  elastic  limit  of  some  of  the  specimens  was  as  high  as 
60,000  lbs.  per  square  inch. 

Although,  as  mentioned  above,  these  specimens  arc  not 
as  good  as  those  now  being  made,  nevertheless,  both  the  elastic 
limit  and  the  tensile  strength  are  superior  to  that  for  untreated 
steel,  and  are  about  that  of  the  standard  specifications  of  the 
American  Society  for  Testing  Materials  for  structural  nickel- 
steel    for    buildings. 

Sulphur  content. — No  doubt  the  sulphur  content  of  these 
alloys,  sometimes  running  to  nearly  0.2%,  is  responsible  for  the 
rolling  and  forging  difficulties.  We  are  at  present  working  to 
eliminate  this  sulphur. 

Corrosion  in  acids  and  the  atmosphere. — The  cobalt  chro- 
mium alloys,  containing  about  75%  Co,  are  extremely  non- 
corrosive  in  the  atmosphere  and  in  water.  No  appreciable  loss 
of  weight  occurred  due  to  corrosion  under  water  in  four  weeks. 
The  loss  per  100  sq.  cms.  of  surface,  in  a  25%  solution  of  nitric 
acid  was  only  1.4  milligrams  per  hour.  In  these  same  units 
the  figures  for  certain  other  substances  are  as  follows: — 

Pure  iron,  (99.8%) 30.0     milligrams  per  hour. 

Commercial  aluminium 15.6  " 

Nickel  sheet 13.1 

Monel  metal 6.35 

Nichrome  [Ni  90%] 2.38 

[Cr  10%] 

All  the  cobalt  chromium  alloys  from  70-85%  cobalt  are 
of  this  order  of  extreme  passivity. 

Aluminium-Cobalt  Alloys,  and  Aluminium-Cobalt-Copper 

Alloys. 

In  discussing  the  requirements  of  the  market  with  some  of 
the  larger  foundrymen,  the  writer  has  had  it  repeatedly  em- 
phasized to  him  that  there  is  an  urgent  need  in  many  quarters, 
particularly  among  automobile  manufacturers,  of  an  alloy  of 
aluminium  which  shall  not  be  very  much  heavier  than  the  present 
alloys  largely  used,  but  which  shall  have  increased  tensile  strength 
and  which  shall  not  be  subject  to  the  same  degree  of  shrinkage 
in  casting. 
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Of  the  53  alloys  of  aluminium,  principally  copper-aluminium 
alloys,  which  are  at  present  in  use,  easily  90%  of  all  the  castings 
of  this  series,  used  in  automobile  construction,  are  of  the  composi- 
tion aluminium  92%,  copper  8%.  This  particular  alloy  has  a 
tensile  strength  of  about  20,000  lbs.  per  square  inch,  and  shrinks 
badly  in  casting. 

The  extreme  industrial  importance  of  these  alloys,  as  well 
the  fact  that  certain  preliminary  experiments  made  it  appear  that 
satisfactory  results  might  be  expected,  has  caused  us  to  under- 
take the  investigation  of  the  effect  of  adding  various  proportions 
of  cobalt  to  aluminium  and  to  copper-aluminium  alloys.  Since 
commencing  this  work  a  German  patent,  by  W.  Borchers  and 
Herman  Schirmeister,  Aachen,  which  was  issued  in  January, 
1912,  has  come  to  hand.  We  are  finding,  in  keeping  with  this 
patent,  that  additions  of  from  8-10%  of  cobalt,  and  in  the  neigh- 
bourhood of  1%  of  tungsten  or  of  molybdenum,  yield  alloys 
which  are  more  readily  worked  and  finished,  and  which  are  more 
non-corrosive  than  pure  aluminium. 

Beyond  this  patent  there  seems  to  be  nothing  in  the  literature 
pertaining  to  the  series,  but  in  any  event  the  factors  which 
determine  the  ultimate  valuable  properties  of  such  an  alloy 
are  so  numerous  that  there  is  offered  a  most  promising  field  for 
a  great  variety  of  investigations. 

Starting  with  pure  aluminium,  alloys  are  being  prepared 
with  increasing  percentages  of  cobalt,  and  as  well,  a  great  variety 
of  aluminium-cobalt-copper  alloys  are  being  cast  and  studied. 
The  effect  of  both  tungsten  and  molybdenum  in  small  percent- 
ages is  also  being  tried.  Determinations  are  being  made  under 
the  various  headings  enumerated  under  cobalt-chromium  alloys. 

Great  difficulty  has  been  experienced  in  obtaining  these 
castings  free  from  occluded  gases,  and  it  is  only  during  the 
last  weeks,  after  pouring  some  100  castings,  that  the  technique 
has  become  sufficiently  well  in  hand  to  promise  representative 
results.  Consequently  a  report  of  the  numerical  constants  of 
this  series  will  be  deferred  until  later,  at  which  time  the  entire 
series  will  be  treated  in  an  independent  publication. 
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Cobalt  Bron?es. 

We  have  prepared  a  number  of  cobalt  bronzes  similar 
to  the  well  known  chromax  bronze,  substituting  the  nickel 
content  with  cobalt. 

These  bronzes  are  substantially  of  the  following  composi- 
tion. 

Copper 66 .  66% 

Tin 12.13% 

Cobalt 15.15% 

Chromium 3 .  03% 

Aluminium 3 .  03% 

Also  some  variations  in  these  ratios  have  been  tried.  This 
particular  alloy  with  15.15%  cobalt  is  found  to  be  somewhat 
harder,  but  of  slightly  less  tensile  and  compressive  strength  than 
the  corresponding  nickel  compound.  The  cobalt  bronze  is  a 
beautiful  metal  which  can  be  readily  cast  and  turned.  A  num- 
ber of  bronzes  with  a  considerably  higher  cobalt  content  are 
being  studied. 

Nox-CoRROsivE  Alloys. 

Apart  from  the  cobalt-chromium  alloys,  the  acid  resisting 
properties  of  which  have  already  been  noted  under  the  heading 
"Cobalt-Chromium  alloys"  there  are  certain  cobalt-tin  alloys 
and  cobalt-copper-tin  alloys  which  are  extremely  passive. 
Alloys  containing  80%  to  95%  copper — 12%  to  3%  tin — 8%  to 
2%  cobalt — have  been  and  are  being  prepared,  and  passivity 
tests  made  according  to  the  procedure  outlined  under  the 
headings  "Cobalt-Chromium  Alloys,"  "Corrosion  in  Acids  and 
the  Atmosphere." 

During  the  progress  of  the  experiments  on  cobalt-tin  alloys, 
a  paper  has  come  to  my  attention  entitled  "Die  Erhohung  der 
chemischen  Widerstands  mechanicsh  noch  gut  bearbeitbarer, 
fur  Konstruktionszwecke  werwendbarer  Legierungen,"  by  Otto 
Barth,  Metallurgie  1912,  page  261,  in  which  the  author  discusses 
alloys  containing  cobalt  and  tin  in  the  ratio  of  4  to  6  as  being 
particularly  non-corrosive.  The  series  of  cobalt-copper-tin  alloys 
with  small  additions  of  other  elements  are  being  studied  in  some 
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detail.  The  alloy  40%  Co  and  60%  Sn,  without  further  addition, 
was  prepared  and  found  to  be  practically  insoluble  in  all  concen- 
trations of  nitric  acid.  However,  this  particular  alloy  is  so  brit- 
tle that  it  is  worthless  for  most  purposes.  We  are  experimenting 
to  improve  the  working  properties  of  this  alloy  without  too  great- 
ly diminishing  its  passivity. 

Magnetic  Alloys. 

One  of  the  first  matters  considered  upon  the  establishment 
of  this  laboratory,  was  the  possibility  of  preparing  alloys  of  cobalt 
and  iron  which  should  have  a  greater  magnetic  permeability 
than  the  best  iron  now  in  use  for  electromagnetic  apparatus. 
The  discovery  of  such  an  alloy,  which  should  have  working  prop- 
erties such  as  to  render  its  use  possible,  either  for  the  construction 
of  electro-magnetic  machinery  or  of  small  measuring  instruments, 
would  of  course  be  of  tremendous  importance. 

Our  experiments  indicate  that  the  alloy  of  such  proportions 
as  to  yield  the  compound  FeCo,  has  a  magnetic  permeability 
about  10%  greater  than  that  of  the  best  magnetic  soft  iron. 
Owing  to  the  difficulties  of  obtaining  a  pure  iron  suitable  for 
experimental  purposes,  and  to  delays  in  obtaining  certain 
auxiliary  apparatus,  fuller  observations  on  these  cobalt-iron 
magnetic  alloys,  such  as  to  establish  their  permeability,  have  not 
yet  been  made.  This  work  will  be  completed  in  the  near  future, 
and  the  results  published. 

Cobalt  Storage  Cells. 

Experiments  are  being  planned,  and  have  already  been 
started,  to  study  the  effect  of  substituting  cobalt  and  cobalt- 
oxide,  for  nickel  and  nickel-oxide,  in  the  new  Edison  storage  cell. 

Microphotographs. — In  keeping  with  .the  modern  trend, 
microphotographs  are  being  made  of  all  the  more  important 
alloys  as  we  prepare  them.  These  serve  to  visualize  the 
characteristics  of  the  alloys  in  terms  of  their  ultimate  physical 
structure,  and   a   number  of   them   will   be  published   in  their 
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appropriate  places,  with  the  more  complete  publications.  In 
making  the  photographs  the  most  modern  Leitz  micro- 
metallograph  is  employed. 

The  writer  wishes  to  acknowledge  the  work  of  Calvin  W. 
Day,  B.Sc,  M.A.,  Charles  Harper,  B.A.,  W.  L.  Savell,  B.Sc, 
and  F.  G.  Daly,  to  whom,  in  the  capacity  of  research  assistants 
and  associates,  a  large  part  of  the  actual  experiments  in  connection 
with  these  researches  is  due.  The  fact  that  such  rapid  progress 
has  been  made  in  getting  these  researches  thoroughly  under  way 
way  in  so  short  a  time,  is  almost  entirely  due  to  the  untiring 
enthusiasm  and  splendid  spirit  of  these  gentlemen. 

The  writer  wishes  to  point  out  particularly,  as  has  been 
done  in  the  body  of  the  report  for  certain  parts  of  the  work,  that 
this  is  in  no  sense  a  complete  or  final  publication  of  these 
researches.  It  is  rather  an  outline  of  what  is  being  done,  with 
sufficient  detail  to  show  the  general  trend  of  the  work,  and  to 
indicate  the  importance  of  what  may  be  expected  in  the  near 
future.  The  present  account  of  the  experiments  represents  the 
progress  accomplished  to  March,  1913. 


Discussion. 

Mr.  J.  J.  Harpell: — Have  you  made  any  investigation 
respecting  the  use  of  cobalt  salts  for  pigments.  A  German 
chemist  has  stated  that  cobalt  salts  are  probably  the  most 
rapid  driers  for  paints.     Is  there  any  truth  in  that  statement? 

Dr.  Kalmus: — I  am  familiar  with  the  work  of  the  Toch 
Bros.  Research  Laboratory,  New  York  City,  where  a  number 
of  experiments  have  been  made  in  studying  the  use  of  resinate, 
cleates,  oleo-resinates,  tungates,  and  other  organic  com- 
pounds of  cobalt  for  use  as  paint  and  other  driers.  We  design 
to  investigate  this  possible  use  of  cobalt  in  co-operation  with  those 
who  have  been  already  investigating  in  this  direction.  As  yet, 
however,  we  have  done  no  active  experimenting  with  cobalt 
driers. 

Mr.  T.  W.  Gibson: — As  compared  with  nickel,  what  effect 
has  cobalt  on  steel? 
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Dr.  Iv.\lmus.— -No  investigation  of  the  metal  cobalt  and  its 
alloys,  with  the  primary  view  of  extending  its  usefulness,  would 
be  undertaken,  of  course,  without  considering  the  possibility 
of  its  use  in  so  tremendous  a  field  -as  that  of  steel  making. 
Hence  the  effect  of  additions  of  cobalt  to  iron  and  steel  have 
been  and  are  now  being  studied  at  the  laboratory.  A  subsequent 
paper  will  be  presented  on  these  alloys,  but  in  a  general  way, 
it  may  be  stated  at  present,  that  cobalt  seems  to  increase  the 
non-corrosive  properties  of  iron  and  steel  in  a  manner  superior 
to  that  of  nickel.  As  yet,  we  ha\e  found  \-ery  little  difference 
in  the  tensile  strengths  of  nickel  and  cobalt  steels;  but  in  this 
connection  it  must  be  remembered,  that  whereas  we  are  only 
getting  under  way  with  the  study  of  cobalt  alloys,  the  tech- 
nique for  the  preparation  of  the  corresponding  nickel  alloys 
is  very  highly  developed.  Moreover,  we  are  not  searching  for 
uses  for  cobalt  which  are  merely  substitutions  of  cobalt  for 
nickel,  for  cobalt  can  probably  never  be  s(jid  at  the  price  of  nickel. 
We  are,  however,  finding  various  uses  of  cobalt,  wherein  it  does 
what  nickel  will  not  accomplish,  and  where,  consequentK-,  its 
higher  price  is  not  a  prohibitive  factor.     - 


MAGMATIC  ORIGIN  OF  SUDBURY  NICKEL-COPPER 

DEPOSITS 

By  Reginald  E.  Hore,  Toronto,  Ont. 
{A7niiial  3fecti>ifi\  Ot/azi'a,  3/arc/i,  1913) 

Numerous  descriptions  of  the  Sudbury  nickel-copper  de- 
posits have  been  pubHshed  and  many  geologists  have  discussed 
the  origin  of  the  ore  bodies.  Most  of  those  who  are  familiar 
with  the  district  believe  that  the  ores  originated  in  the  same 
magma  as  the  norite  with  which  they  are  associated.  Some 
believe  that  the  metallic  sulphides  were  concentrated  from  the 
molted  magma  by  differentiation  during  or  preceding  crystalli- 
zation. Others  believe  the  sulphides  to  be  essentially  secondary 
deposits  made  by  aqueous  solutions  which  may  or  may  not  have 
been  derived  from  the  magma. 

The  writer's  purpose  here  is  not  to  sum  up  the  evidence  in 
favour  of  each  of  these  views,  but  rather  to  call  attention  to 
some  of  the  processes  involved  in  the  solidification  of  the  "nickel- 
bearing  eruptive;"  to  state  certain  peculiar  relationships  which 
Mr.  David  H.  Browne  has  found  to  exist  between  the  ore  deposits 
and  the  furnace  products;  to  give  Mr.  Browne's  interpretation 
of  these  relationships  and  to  show  how  these  facts  and  the  in- 
terpretation of  them  are  in  accord  with  the  theory  of  origin. 

That  the  formation  of  the  ore  bodies  was  primarily  by 
differentiation  is  here  assumed.  It  is  not  denied  that  there 
is  abundant  evidence  of  secondary  deposition,  for  in  some  of 
the  deposits  there  are  relationships  which  can  only  be  thus  in- 
terpreted.^ After  examining  a  few  of  the  deposits  and  studying 
the  literature,  especially  the  work  of  Prof.  Coleman,  it  seems  clear 


'  Dr.  A.  E.  Barlow  and  Dr.  A.  P.  Coleman  have  reported  on  the  dis- 
trict for  the  Geological  Survey  and  the  Ontario  Bureau  of  Mines,  respec- 
tively. They  both  believe  that  the  ore  bodies  were  formed  by  a  process  of 
magmatic  segregation.  Dr.  C.  \V.  Dickson  has  presented  the  evidence  in 
favor  of  secondary  origin  in  Transactions  of  A.  I.  M.  E.  Vol.  XXXIV  1904, 
pp.  y-67.  Prof.  T.  L.  Walker  discussed  differentiation  in  the  nickel-bearing 
eruptive  in  Quart.  Jour.  Geol.  Soc.  Vol.  LIII  No.  209,  1897,  pp.  40-65.  Ref- 
erences to  writings  of  several  others  are  to  be  found  in  these  reports  and 
papers.     An  extcnsi^■c  bibliography  accompanies   Dr.    Dickson's  paper. 
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to  the  writer  that  the  localization  of  the  ore  bodies  has  resulted 
from  a  directly  igneous  process  of  concentration  and  that  this 
is  therefore  the  theory  of  origin  most  useful  in  directing  explora- 
tion. Individual  ore  deposits  often  show  sulphides  in  the  form 
of  fillings  in  the  norite  and  sometimes  secondary  silicates  occur 
with  the  sulphides.  Such  ore  may  very  well  have  been  derived 
without  great  migration  of  the  constituents,  from  primary  ore 
bodies.  It  would  be  remarkable  if  secondary  changes  had  not 
taken  place  in  these  old  deposits,  especially  in  places  where  crush- 
ing and  faulting"  has  occurred.  Without  further  reference  to 
such  changes  however,  let  us  consider  the  primary  separation 
of  the  sulphides  from  the  molten  magma. 

From  Prof.  Coleman's  descriptions  of  the  fused  character 
of  the  conglomerate  immediately  overlying  the  eruptive  sheet, 
with  which  the  ores  are  associated,  it  is  evident  that  when 
the  magma  had  pushed  its  way  out  along  the  unconformable 
contact,  it  was  still  at  a  temperature  much  above  that  of  its 
freezing  point.  It  doubtless  absorbed  a  very  large  amount  of 
the  conglomerate,  and  it  is  likely  that  the  light  coloured  siliceous 
upper  part  of  the  eruptive  is  due  largely  to  such  absorption. 
The  extension  of  the  norite  far  out  from  the  main  mass  into 
comparatively  narrow  crevices  in  the  surrounding  rocks  points 
also  to  very  considerable  superheating.  It  seems  likely  that 
enormous  quantities  of  heat  were  given  off  before  any  appreciable 
portion  of  the  magma  had  cooled  to  a  temperature  at  which 
solidification  began.  There  was  then  this  very  thick  molten 
bed  with  its  thin  solid  crust  surrounded  by  rocks  that  were  al- 
ready highly  heated.  Further  loss  of  heat  must  have  been  at 
a  very  slow  rate  and  the  time  for  differentiation  in  situ  was  un- 
doubtedly enormously  long. 

So  far  as  known  molten  silicates  are  miscible  in  all  propor- 
tions. Molten  sulphides,  however,  will  not  mix  in  all  proportions 
with  molten  silicates.  One  cannot  state  off  hand,  therefore, 
whether  the  cooling  magma  would  behave  as  one  or  as  two  or 
more  solutions.     From  a  consideration  of  the  end  products — the 


-The  existence  of  a  great  fault  at  the  Crcan  Hill  mine  is  pointed  out 
by  Dr.  Coleman  in  his  recent  report  to  the  Department  of  Mines.  Summary 
report  1911,  pp.  87-8«J. 
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norite  and  ore  bodies— it  seems  to  the  writer^  that  before  soli- 
dification took  place  the  magma  with  decrease  in  temperature 
had  separated  very  imperfectly  into  two  solutions.  One  of  these 
was  composed  chiefly  of  the  constituents  of  silicates  and  the 
other  chiefly  of  the  constituents  of  sulphides.  Each  solution 
contained  a  comparatively  small  portion  of  the  constituents 
of  the  other.  The  sulphide  solution  being  heavier  sank  to  the 
bottom.  The  process  would  be  much  like  the  separation  of 
matte  from  slag  with  the  very  essential  difference  that  none 
of  the  furnace  man's  precautions  to  effect  a  clean  separation  were 
taken.  The  proportions  of  the  constituents  not  being  the  most 
favourable  and  no  fluxes  being  added,  the  resulting  solid  does  not 
show  two  distinctly  separated  portions.  Not  only  was  the 
boundary  irregularly  defined,  but  one  solution  in  solidifying 
may  have  enclosed  numerous  detached  portions  of  the  other. 

In  each  solution,  moreover,  there  would  be  further  differ- 
entiation as  the  necessary  result  of  the  fact  that  some  minerals 
crystallize  before  the  others.  The  first  minerals  formed  would 
be  found  at  the  margins.  On  these  more  crystals  of  the  same 
composition  would  form  and  the  composition  of  the  remaining 
solution  be  thereby  changed.  Moreover,  crystals  forming  early 
in  any  part  of  the  solution,  if  of  high  specific  gravity,  would 
sink  slowly.  Since,  however,  at  the  temperature  at  which  such 
crystals  separate  out  the  melt  would  be  very  viscous  the  sinking 
of  crystals  would  be  extremely  slow.  Some  differentiation 
from  these  causes  alone  would,  however,  without  doubt  take  place. 

If  the  proportions  of  sulphides  and  silicates  were  such  that 
their  molten  constituents  were  perfectly  miscible  under  the  condi- 
tions and  no  separation  in  the  liquid  state  took  place,  there  would 
certainly  be  some  accumulation  of  sulphides  in  the  lower  part 
as  the  result  of  the  crystallization  phenomena  just  mentioned. 
One  may  well  doubt,  however,  whether  the  ore  deposits  were 
thus  produced.  It  is  true  that  all  gradations  from  solid  ore 
to  norite  containing  only  a  few  scattered  grains  of  sulphides 
occur;  but  compared  with  the  thickness  of  the  sheet  the  trans- 


^  Editor's  Note: — For  previous  views  and  further  references  on  this  sub- 
ject see  "On  the  Igneous  Origin  of  Certain  Ore  Deposits"  by  F.  D.  Adams, 
Journ.  Gen.  Min.  Ass.  of  P.  Q.,  Vol.  II,  page  35,  1894.  In  1896  this  Associa- 
tion became  an  integral  part  of  the  Canadian  Mining  Institute. 
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ition  takes  place  in  a  remarkably  short  distance.  Incomplete 
miscibility  of  the  constituents  of  the  magma  and  consequent 
formation  of  two  solutions  would  be  much  more  likely  to  result 
in  the  formation  of  such  deposits.  Imperfect  separation  of  the 
two  solutions  with  resulting  entanglement  of  large  and  small 
bodies  of  the  other  during  the  solidification  would  explain  the 
absence  of  a  sharp  line  of  division  comparable  with  that  obtained 
in  furnace  practice.  Moreover,  each  solution  contained  some 
of  the  constituents  of  the  other.  Thus  the  silicate  solution  was 
saturated  with  sulphides,  and  on  cooling  below  the  temperature 
beginning  the  freezing  interval,  it  is  probable  that  the  sulphides 
would  be  among  the  first  formed  minerals.  If  in  the  silicate 
solution  there  were  any  included  bodies  of  the  sulphide  solution, 
there  would  be  doubtless  a  change  in  the  composition  of  the  solu- 
tions in  contact.  After  the  main  mass  of  the  silicate  solution 
became  solid  there  would  on  further  cooling  be  a  second  deposi- 
tion of  sulphides  from  the  included  solution.  We  would  expect 
as  a  result  of  such  processes  to  find,  and  we  do  find,  large  masses 
of  norite  specked  with  grains  of  early  formed  sulphides  and  with 
occasional  patches  of  later  formed  massive  sulphides,  and  from 
the  sulphide  solution  massive  ore  with  early  formed  silicates 
enclosed  in  it. 

David  H.   Browne's  Comparison  of  the  ore  bodies  with 
furnace  products  obtained  in  treating  the  ores 

In  the  light  of  the  theory  that  the  ore  bodies  have  been 
formed  by  a  process  of  magmatic  segregation  as  above  outlined, 
it  is  interesting  to  compare  the  ore  bodies  with  the  furnace 
products.  That  the  comparison  is  an  apt  one  has  been  shown 
by  Mr.  David  H.  Browne  in  a  paper  entitled,  "Segregation  in 
ores  and  mattes,"  published  in  School  of  Mines  Quarterly, 
July,  1895.  Mr.  Browne  shows  in  his  paper  that  the  distribu- 
tion of  copper  and  nickel  in  the  matte  is  closely  analagous  to 
the  distribution  of  the  two  metals  in  the  ore  bodies,  and  he  has 
kindly  supplied  the  writer  with  data  which  clearly  substantiates 
his  argument.  In  his  paper  Mr.  Browne  gives  the  results  ob- 
tained by  careful  analysis  of  copper-nickel  matte  made  in  water- 
jacketed  blast  furnaces   from   roasted   copper-nickel   ore.     This 


Magmatic  Origin  of  Sudbury  Nickel-Copper — Hore  275 

matte,  having  an  average  composition  Cu.  24,  Xi  20,  Fe  28  and 
S  28%,  was  tapped  into  hemispherical  or  conical  cast-iron  pots, 
allowed  to  set  and  turned  out  on  the  dump  to  cool.  The  moulds 
or  matte  pots  used  were  about  24  in,  in  diameter  by  14  in.  deep. 
The  matte  was  tested  to  determine  variations  in  composition 
at  different  parts. 

"  Numerous  analyses  showed  that  in  one  and  the  same  matte 
casting  a  sample  broken  from  the  top  will  be,  as  a  rule,  higher  in 
copper  and  lower  in  nickel  than  a  sample  from  the  bottom. 
Eleven  pots  thus  examined  gave  an  average  as  follows: — " 

Cu.  Ni 

11  top  samples 23.26  20.15 

11  bottom  samples 21.14  20.32 

2.12  0.17 

"Further  analyses  showed  that  nickel  was  higher  at  the 
centre  than  at  the  bottom  of  the  casting.  Copper  tends  towards 
the  top  and  outside  of  the  casting,  while  nickel  and  iron  tend 
to   concentrate   toward   the   centre." 

Mr.  Browne  gives  the  following  figures  obtained  from  an- 
alyses of  samples  taken  along  central  horizontal  plane  of  a  pot. 

Outside  Centre 

Cu 25.12  24.30  21.06  19.02 

Ni 22.82  23.80  25.04  29.24 

Fe 26.5  26.6  26.8  27.00 

and  the  following  figures  for  section  along  vertical  central  line 
of  a  pot  of  furnace  matte: 

Cu  Ni  Fe 

Top , 27.36  22.46  24.0 

26.14  22.94  25.0 

r^     .  f 19.02  24.24  27.0 

^^""^ 119.6  27.0  28.1 

21.8  24.94  28.3 

Bottom 24.12  22.46  28.0 

"  In  order  to  get  a  correct  sample  and  to  map  out,  if  possible, 
the  variations  of  copper  and  nickel,  a  quarter  pot  was  placed 
under  a  drill  and  sampled  (as  indicated  in  an  accompanying  sketch 
by  drilling  with  an  inch  drill  holes  one-half  inch  deep   at  the 
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points  marked).  These  samples  were  analyzed  and  the  entire 
quarter  pot  was  now  crushed,  quartered,  sampled  and  analyzed. 
It  contained  Cu  24.64,  Ni  22.86,  Fe  26.70  and  S  25.82."  The 
analyses  showed  that  the  segregation  of  the  nickel  to  the  centre 
and  the  dispersion  of  copper  to  the  outside  is  very  pronounced. 
From  other  obser\'ations  and  experiments  the  same  conclusion 
was  drawn. 

Mr.  Browne  also  calls  attention  to  the  fact  that  sodium 
sulphide  forms  with  the  matte  an  exceedingly  fluid  magma 
from  which  on  cooling  nickel  sulphide  separates  as  a  bottom. 
He  concludes  that  "if  copper-nickel-iron  sulphides  can  be  held 
in  a  molten  condition  the  copper  and  nickel  will  separate  as 
individual  minerals,  the  sharpness  of  the  separation  being  de- 
pendent on  the  fluidity  of  the  mass  and  the  time  occupied  in 
cooling." 

Considering  then  the  ore  deposits  Mr.  Browne  states, 
"The  tendency  of  copper  pyrites  to  separate  from  the  nickeli- 
ferous  pyrrhotite  is  very  noticeable.  However  closely  the  two 
minerals  ma>'  be  intermingled,  each  is  entirely  free  from  traces 
of  the  other.  The  chalcop^-rite  is  free  from  nickel,  while  the 
pyrrhotite  beside  it  is  free  from  copper.  Beside  this  chemical 
separation  there  is  an  equally  noticeable  physical  separation. 
It  may  be  stated  as  a  rule,  that  copper  tends  toward  the  rock, 
whether  forming  the  wall  or  forming  included  masses.  The 
miners  often  remark  the  way  in  which  copper  follows  the  rock 
and  look  on  the  presence  of  massive  copper  ore  as  indicating 
an  approach  to  the  rock.  In  driving  a  drift  from  the  shaft  in 
clean  norite  to  and  through  the  ore,  the  first  symptoms  of  the 
presence  of  the  ore  are  small  shots  or  pockets  of  copper  pyrites 
impregnating  the  rock.  Coming  nearer  to  the  ore-body  the  a- 
mount  of  copper  increases,  large  masses  being  met  with  before 
any  nickel  is  found.  On  reaching  the  ore  proper,  the  copper 
pyrites  is  found  mixed  with  pyrrhotite  and  rock,  while  in  the 
heart  of  a  deposit  a  large  quantity  of  nearl>'  pure  pyrrhotite 
(and  pcntlandite)  almost  free  from  copper. is  found.  The  cross- 
section  of  the  ore-body  then  shows  as  follows:  rock,  copper- 
ore  and  rock,  copper-nickel  ore,  nickel  ore,  copper-nickel  ore, 
copper  ore  and  rock  and  finally  rock  again." 
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"The  ore  as  mined  does  not  show  these  variations  for  there 
is  much  ore  intermixed  with  the  rock  walls  and  many  included 
fragments  of  rock  in  the  ore-body  itself,  and  each  mass  of  rock 
tends  to  attract  copper  ore." 

"A  general  tendency  of  copper  to  disperse  to  the  rock  and 
to  the  walls  and  of  nickel  to  concentrate  towards  the  centre  of 
the  deposit,  is  thus  shown  to  exist  in  the  ore-body." 

Mr.  Browne  further  showed  by  analyses  of  ores  from  differ- 
ent depths  at  the  Copper  Cliff  Mine  that  the  nickel  sulphide  is 
more  perfectly  separated  as  depth  increases.  This  is  true  also 
of  mattes. 

In  mining  the  ore  there  is  necessarily  broken  a  considerable 
percentage  of  rock.  In  the  rock-houses  the  ore  is  crushed  and 
then  hand-picked  on  travelling  belts.  Both  ore  and  rock  are 
regularly  sampled  and  analyzed.  There  is  kept,  therefore,  a 
complete  record  of  the  contents  of  all  ore  and  rock  that  is  mined. 
A  consideration  of  the  following  figures,  calculated  by  Mr.  Browne 
from  the  average  analysis  for  each  year's  output,  will  show  clearly 
that  the  ratio  of  copper  to  nickel  is  much  higher  in  the  rock  than 
in  the  ore.  With  Mr.  Browne's  figures  I  will  quote  the  inter- 
pretation of  them  as  he  has  presented  it  to  me. 

Ratio  of  Copper  to  Nickel  in*  Ore  axd  ix  Rock 

Creighton  Mine 

1909 
1910 
1911 

Average  100  36.3     83.3 

No.  2  Mine 

1910  100  61       141 

1911  100  54      147 

Average  100  57.5      144 

"Averaging  these  results  we  find  that  for  each  100  pounds 
nickel  in  ore  there  was  at  Creighton  .36.3  and  at  Xo.  2  Mine  57.5 
pounds  copper,  and  that  for  each  100  pounds  nickel  in  the  rock 
there  was  at  Creighton  83.3  and  at  Xo.  2  Mine  144  pounds  copper. 


Parts  N 

ickel 

Parts 

Copper 

in  ore 

in  rock 

100 

35 

87 

100 

36 

75 

100 

38 

88 
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The  ratio  or  relation  of  the  nickel  and  copper  in  ore  to  the 
nickel  and  copper  in  rock  is  as  follows: — 

Creighton  Mine       .53  V    =^2.3 


No.  2  Mine     -4^    =2.5 


36.3 

144 

57.5 


"This  means  that  the  copper  relation  in  Creighton  rock  is 
2.3  times  the  copper  relation  in  the  Creighton  ore. 

This  ratio  represents  the  average  of  a  very  large  tonnage 
— in  the  case  of  Creighton  Mine  several  hundred  thousand  tons. 
Ore  and  rock  from  other  mines  show  similar  ratio  of  copper  to 
nickel,  and  we  can  now  make  more  emphatically  the  statement 
that  the  ratio  of  copper  to  nickel  in  the  rock  is  very  considerably 
greater  than  the  ratio  of  copper  to  nickel  in  the  ore.  In  matte 
similar  relations  were  seen  in  comparing  the  margins  with  the 
centre. 

"An  analogy  between  ore  body  and  matte  along  a  horizontal 
line  being  thus  established,  we  have  now  to  consider  the  varia- 
tions along  a  vertical  line.  If  there  is  an  analogy  here  we  would 
expect  to  find  the  ratio  of  nickel  to  copper  increase  with  depth 
until  a  point  well  down  towards  the  bottom  is  reached.  As 
the  various  workings  in  the  mines  are  not  separately  sampled 
we  have  no  assay  plan  showing  the  required  figures.  We  have, 
however,  the  analyses  of  regularly  taken  samples  of  ore  mined 
and  as,  in  general,  each  year  sees  ore  taken  from  lower  levels 
than  the  previous  year  we  have  figures  showing  changes  in 
ratios  with  increase  in  depth.  In  some  mines,  such  as  at  Creigh- 
ton, where  ore  is  being  still  taken  from  various  depths  from  sur- 
face to  the  fourth  level,  the  yearly  averages  do  not  give  much 
clue  to  changes  with  depth.  At  other  and  smaller  ore  bodies 
where  sinking  was  fairly  regular,  we  find  a  very  significant 
series  of  figures.  These  show  clearly  that  with  increase  in 
depth  in  the  ore  there  was  an  increase  in  the  ratio  of  nickel  to 
copper. 
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Increase  in  Ratio  of  Nickel  to  Copper,  ivith  Increase  in  Depth,  as 
shown  by  Average  Analyses  of  each  year's  Production. 


Xo.  2  Mine. 
Year 

1898. 
1899 

Parts  copper  to 
100  parts  nickel 

74      

121     

Remarks 
Gophering  on  surface. 

1900 

77     

1901 

79     

1902 

90     

Going  down. 

1903 

62     

1904 

49     

Fairly. 

1905 

53     

1906 

44     

Uniformh'. 

1907 

49     

1908 

Not  worked. 

1909 

Not  worked. 

1910 

61 

.  .  .  .  .Taking  out  floors  and  pillars, 

1911 

54 

Evans  Mine. 
1890 

85     

1891 

57     

1892 

56     

Widening  on  pit. 

1893 

92     

1894 

117     

1895-! 

36 

94       .... 

1897-! 

38 

.    .             98 

Going  down. 

1899 

.87     

Stobie  Mine. 
1890 

113     

1891 

93     

Widening   on    pit. 

1892 

94     

1894 

73     

1895 

104     

1896 

89     

1897 

87     

1898 

86     

Going  down. 

1899 

64     

1900 

44      

Copper  Cliff 
1888 

Mine. 

200      

1889 

147      

1890 

156      

1891 

87     

1892 

125     

1893 

118     

1894 

108     

1895 

80     

1896 

135     

1897 
1898 

157     

93     

A  second  ore  shoot. 

1899 
1900 

137     

150     

Robbing  pillars. 
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"These  figures,  while  showing  many  irregularities,  prove 
the  statement  that  the  ratio  of  nickel  to  copper  increases  with 
depth.  Many  of  the  apparent  irregularities  are  in  reality  not 
evidence  of  exceptions  to  this  statement.  The  first  few  years 
output  in  several  cases  does  not  represent  increase  in  depth  alone, 
being  offset  by  horizontal  extensions  of  the  pits.  The  last  two 
years  at  No.  2  Mine  and  Copper  Cliff  show  reversal  to  higher 
copper  ratio  corresponding  to  robbing  of  pillars.  Regular 
decrease  in  copper  ratio  is  very  noticeable  in  the  figures  for  No. 
2  Mine  for  years  1899  to  1907,  and  the  production  for  these 
years  was  from  fairly  regular  increase  in  depth  on  a  clean  uni- 
form chimney  of  ore.  The  figures  for  the  Copper  Clifif  Mine, 
show  a  fairly  regular  decrease  in  copper  ratio  down  to  1895 
and  then  a  much  higher  copper  ratio  in  the  succeeding  years, 
were  found  on  inquiry  to  correspond  with  the  working  out  of 
one  ore  shoot  and  the  development  of  a  second  deeper  shoot." 

"Another  analogy  between  ore  deposits  and  the  furnace 
products  is  found  in  comparing  the  ratio  of  nickel  to  copper  in 
slags  with  the  ratio  between  these  metals  in  the  mattes.  Small 
drops  of  sulphide  are  carried  off  by  the  slag  and  analyses  show 
the  ratio  of  copper  to  nickel  in  slag  to  be  always  greater  than 
the  ratio  of  copper  to  nickel  in  the  corresponding  matte. 

Ratios  of  copper  to  nickel  in  matte  and  in  slag. 

Year  Parts  copper  to  100  parts  nickel. 

In  matte  In  slag 

1910     44. .3 47.5 

1911      43.9 53.0 

"An  objection  to  comparison  of  these  furnace  products  with 
the  ore  deposits  lies  in  the  fact  that  the  iron  has  been  oxidized 
and  all  put  into  this  slag,  while  in  the  ore  body  it  remains  with 
the  other  sulphides.  A  better  comparison  would  be  obtained 
from  products  obtained  on  melting  together  rock  and  ore  with- 
out oxidation.  This  is  not  a  common  practice,  but  has  been  done 
and  the  resulting  slag  showed  a  copper  ratio  of  41.5  compared 
with  a  ratio  of  32.8  in  the  matte. 

"Interesting  also  are  comparisons  between  the  ratio  of 
nickel  to  copper  in  marginal  and  in  offset  deposits.  If  the 
analogy  between  furnace  products  and  ore  bodies  still  holds  we 
would  expect  to  find   in   the  offset  deposits,  where  the  molten 
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magma  penetrated  far  out  into  the  surrounding  rocks,  that  the 
ratio  of  copper  and  nickel  is  less  than  the  marginal  deposits. 
This  is  in  fact  the  case.  For  the  marginal  deposits  the  only 
available  figures  showing  the  average  for  the  whole  output  of 
the  mine  are  for  the  Creighton.  The  figures  given  for  the  other 
properties  are  less  truly  representative.  For  the  offshoot 
deposits  the  figures  given  are  in  each  case  the  average  for  total 
output. 

Ratios  of  copper  to  nickel  in  marginal  and  offset  deposits. 

Marginal  Parts  copper  for  every  100  parts  Nickel 

Victoria  Mine 87 

Gertrude  Mine 50 

Creighton  Mine 33 

Murray  Mine 50 

Blezard  Mine 50 

Average  for  5  marginal  deposits,  54  parts  copper  to  100  nickel. 
Offsets 

Evans 88 

Cliff 147 

No.  1 96 

No.  2 71 

Stobie 74 

Average  for  5  offset  deposits,  95  parts  copper  to  100  nickel. 

Summary 

1.  It  has  been  shown  by  Drs.  A.  P.  Coleman,  T.  L.Walker, 
A.  E.  Barlow  and  others  that :  (a)  the  nickel-copper  deposits 
of  the  Sudbury  district  all  occur  in  the  same  type  of  rock — a 
quartz-hypersthene-gabbro  or  norite. 

(b)  The  norite  forms  the  lower  part  of  a  great  spoon 
shaped  laccolitic  sheet  and  the  ore  bodies  occur  along  the  lower 
outer  margin  of  the  sheet  and  in  narrow  masses  of  norite  which 
occur  far  out  in  the  surrounding  rocks. 

(c)  The  ore  bodies,  sulphides  of  nickel,  copper  and  iron 
have  been  formed  by  a  process  of  magmatic  segregation. 

2.  The  author  calls  attention  to  the  processes  involved  in 
the  solidification  of  the  magma  and  suggests  that  (a)  it  is  probable 
that  limited  miscibility  of  the  molten  constituents  of  sulphides 
in  the  molten  constituents  of  silicates  resulted  in  the  formation 
of  two  solutions — a  silicate  solution  and  a  sulphide  solution — 
each  containing  some  of  the  constituents  of  the  other. 


282  Magmatic  Origin  of  Sudbury  Nickel-Copper — Hore 

(b)  The  sulphide  solution  sank  to  the  bottom,  but  the 
separation  was  not  a  clean  one,  and  on  solidification  a  zone  of 
intermediate  composition  was  formed  owing  to  inclusion  of  large 
and  small  bodies  of  one  solution  in  the  other.  (In  the  furnace 
a  cleaner  separation  is  obtained  by  adding  fluxes.) 

(c)  In  each  solution  also  differentiation  took  place 
by  early  formed  minerals  accumulating  at  the  margins  and  es- 
pecially at  the  bottom.  Such  difTerentiation  was  very  incomplete 
owing  to  high  viscosity  at  the  freezing  temperature. 

3.  Mr.  D.  H.  Browne  gives  a  statement  of  relationships 
between  ore  deposits  and  furnace  products.  He  states  that 
(a)  "Analyses  of  a  pot  of  matte  show  marked  tendency  of  the 
nickel  to  accumulate  in  the  central  part  well  towards  the  bottom. 
In  the  ore  deposits  a  horizontal  section  shows  increase  in  the  ratio 
of  nickel  to  copper  towards  the  middle  of  the  ore  body.  The 
output  of  the  mines  shows  an  increase  in  the  ratio  with  depth. 
The  'marginal'  deposits  show  a  greater  ratio  of  nickel  than  do 
the  'ofT-set'  deposits." 

(b)  "  Analyses  of  slag  and  matte  show  the  ratio  of 
nickel  to  copper  to  be  greater  in  the  matte  than  in  the  slag,  and 
the  same  relation  holds  true  for  ore  and  the  rock  that  is  mined 
with  the  ore."  One  reason,  doubtless,  lies  in  the  fact  that  molten 
nickel  sulphide  is  more  mobile  than  the  copper  sulphide  and  that 
therefore  a  greater  proportion  of  the  former  would  settle  out  from 
the  mixture.  The  relative  solubility  of  the  molten  sulphides  in 
the  molten  silicate  solution  is  an  unknown,  but  probably  less 
important   factor." 

4.  The  analogies  which  Mr.  Browne  has  shown  to  exist 
between  the  ore  deposits  and  the  furnace  products  strengthen 
the  view  that  the  deposits  were  formed  directly  from  a  molten 
magma. 

5.  Since  the  first  solidification  all  the  deposits  have  been 
altered — some  slightly  and  others  almost  completely.  The 
localization  of  the  ore-bodies,  however,  was  determined  by  the 
primary  deposition  and  this  is,  therefore,  .the  factor  of  chief 
importance.  The  extent  of  secondary  alteration  has  been  pecu- 
liarly dependent  on  very  local  conditions,  and  the  discussion 
of  the  nature  of  the  secondary  changes  calls  for  more  detailed 
description  of  individual  ore  bodies  than  is  at  present  available. 


CLASSIFICATION  OF  THE  SUDBURY, ORE  DEPOSITS. 

By  A.  P.  Coleman,  Toronto,  Ont. 

{Ainiiial  Meeting,   Ottaiva,   /913) 

When  the  Sudbury  nickel  ores  were  discovered  mining 
geologists  and  engineers  had  not  grasped  the  idea  of  magmatic 
segregation  as  a  source  of  ores.  It  was  known,  of  course,  that  cer- 
tain titaniferous  iron  ores  were  associated  with  masses  of  gabbro 
or  anorthosite;  but  these  deposits  were  scarcely  of  practical 
importance,  and  the  simple  notion  of  heavy  sulphides  settling 
to  the  bottom  of  a  molten  mass,  as  matte  does  from  slag,  had 
not  yet  been  reached.  It  is  not  surprising,  therefore,  that 
the  old  terms  of  the  mining  engineer  drawn  from  the  peculiarities 
of  water-formed  deposits  should  be  applied  to  the  nickel-copper 
ores  of  Sudbury.  The  ore  bodies  were  variously  called  lenses, 
contact  deposits,  stockworks  or  impregnations;  and  at  one  point 
or  another  in  the  region  there  are  features  that  suggest  each  of 
these  terms.  None  of  them  really  applies  to  any  of  the  deposits, 
however,  since  circulating  waters  were  not  the  cause  of  the  ore 
bodies,  though  a  small  amount  of  solution  and  redeposition 
has  taken  place  in  later  times. 

When  it  was  recognised  by  Dr.  Barlow  and  other  geologists 
that  the  ore  bodies  were  formed  directly  from  the  molten  mass  of 
norite  by  segregation,  it  became  desirable  to  employ  other  terms 
to  express  the  relations  of  this  new  type  of  deposits  to  the  coun- 
try rocks  enclosing  them,  and  the  present  writer  suggested  the 
names  "Marginal  deposits"  and  " Offset  deposits "  for  the  two 
most  striking  varieties.  Marginal  deposits  were  those  that  had 
settled  out  of  the  norite  into  depressions  of  the  rock  beneath  and 
had  cooled  in  that  position.  They  were  always  bounded  more 
or  less  sharply  by  the  country  rock  beneath,  which  might  be 
of  several  kinds  without  affecting  the  shape  or  character  of  the 
deposit.  Passing  upwards  from  the  nearly  solid  ore  one  found 
mixed  ore  and  norite  (pyrrhotite-norite),  and  this  presently 
changed  to  norite  with  a  few  blebs  of  ore.  The  lower  side  of 
the  deposit  was  against  a  definite  footwall  but  the  upper  bound- 
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dary  was  a  commercial  one,  where  the  admixture  of  norite  made 
the  ore  too  low  grade  to  work.  The  most  characteristic  example 
of  this  type  of  deposit  is  the  famous  Creighton  mine. 

Offset  deposits  have  a  quite  different  relation  to  the  country 
rocks.  They  were  formed  where  fissures  led  off  from  a  depression 
beneath  the  molten  sheet.  The  molten  ore  and  the  pyrrhotite- 
norite  were  the  most  fluid  parts  of  the  magma  and  under  the 
pressure  of  a  mile  and  a  quarter  of  liquid  rock  loaded  down  with 
10,000  feet  of  sediments  above  they  were  forced  by  hydraulic 
pressure  into  all  the  openings  leading  away  from  the  depression. 
Often  the  connection  with  the  norite  in  these  cases  has  the  shape 
of  a  funnel.  In  the  complex  set  of  channels  opened  by  faulting 
there  were  places  where  the  ore  accumulated  in  large  amounts 
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and  others  where  the  molten  mixture  of  ore  and  rock  passed 
along  without  a  halt.  Thus  it  came  about  that  there  might  be 
several  ore  l)odies  separated  by  barren  stretches  in  long  offsets. 
The  characteristic  example  chosen  to  illustrate  this  type  was  the 
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Copper  Cliff  offset  on  which  there  were  three  important  mines, 
No  2  near  the  funnel,  Copper  Cliff  a  quarter  of  a  mile  to  the 
south  and  the  Evans  mine  a  mile  farther  south. 

The  broad  distinction  between  marginal  mines  accumulated 
in  a  bay  from  which  there  was  no  outlet,  and  offset  mineswhere 
the  bay  led  by  narrow  channels  to  one  or  more  important  open- 
ings, seemed  at  first  sufficient;  but  within  recent  years  various 
complications  have  been  discovered  which  make  some  new  terms 
desirable.     These  will  now  be  described. 

Faulted  Marginal  Deposits 

When  the  Canadian  Copper  Company  began  to  work  the 
Crean  Hill  mine  a  number  of  new  features  were  noticed.  The 
main  ore  body  was  close  to  the  margin  of  the  norite  but  not  in 
contact  with  it.  The  enclosing  rock  was  mainly  greenstone 
which  formed  a  hill  separated  by  a  small  ravine  from  the  norite, 
and  at  first  mining  operations  disclosed  only  ore  and  greenstone 
with  no  trace  of  norite,  the  only  instance  of  the  kind  in  the  region. 
The  ore  too  was  different  from  that  of  any  other  deposit,  being 
very  rocky  and  containing  far  more  copper  than  nickel,  just  about 
reversing  the  proportions  of  the  two  metals  at  the  Creighton  mine. 

As  mining  progressed  downwards  a  dangerous  zone  of 
slipping  was  encountered  where  the  rocks  were  ground  into  clay. 
Evidently  faulting  had  taken  place  along  a  plane  inclined  23° 
away  from  the  edge  of  the  norite.  Below  this,  norite  spotted  with 
ore  was  found  and  the  percentage  of  nickel  to  copper  increased. 

A  study  of  the  mine  and  its  surroundings  proved  that  the 
fault  plane  emerged  in  the  small  ravine  between  the  gossan 
covered  hill  of  greenstone  and  the  norite.  It  was  clearly  a  case 
of  thrust  faulting,  the  greenstone  forming  the  country  rock 
of  the  original  ore  deposit  being  pushed  bodily  at  least  200  feet 
northward  over  the  edge  of  the  norite.  Copper  pyrites  is  more 
mobile  than  pyrrhotite  and  migrated  up  between  the  blocks 
of  greenstone  caused  by  the  shattering  when  the  fault  took  place. 

The  whole  of  the  peculiarities  of  the  deposit  are  explained 
by  the  presence  of  this  fault,  justifying  the  term  faulted  marginal 
deposit. 
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Another  good  example  of  this  type  of  deposit  is  found  in  the 
Carson  mine  belonging  to  the  Mond  Company;  but  here  the  plane 
of  faulting  is  steeply  inclined  or  nearly  vertical  and  the  move- 
ment was  mainly  horizontal.  In  this  case  the  faulting  pushed 
blocks  of  greenstone  with  ore  some  distance  into  the  norite, 
furnishing  the  only  known  example  of  important  amounts 
of  ore  enclosed  on  both  sides  by  the  parent  rock,  norite. 

Though  the  two  examples  differ  in  several  respects,  it  has  not 
been  thought  wise  to  frame  a  new  term  for  the  Garson  deposit, 
so  that  both  will  be  called  faulted  marginal  mines. 

Columnar  Offsets. 

As  increased  knowledge  of  the  offset  deposits  is  acquired 
certain  features  are  strikingly  exemplified,  one  of  the  most  cur- 
ious being  the  columnar  shape  of  many.  The  first  deposit 
in  which  this  was  brought  out  was  the  well-known  Copper  Cliff 
mine  which  was  followed  down  for  1,300  feet  at  an  angle  of  77°. 
It  was  an  irregular  column  widening  and  narrowing  and  sometimes 
enclosing  horses  of  country  rock.  At  the  bottom  it  began  to 
split  up.  No.  2  mine,  a  short  distance  to  the  north  on  the  same 
offset  is  columnar  also,  and  has  been  followed  down  nearly  verti- 
cally to  the  7th  level,  where  it  begins  to  bend  toward  the  west. 

The  best  instances,  however,  are  the  two  narrow  but  persist- 
ent pipes  of  ore  at  Victoria  mine,  which,  though  smaller  in  dia- 
meter than  e  ther  of  the  others,  have  continued  downwards 
in  a  nearly  vertical  direction  for  1,600  feet. 

This  curious  type  of  ore  deposit  has  some  mysteries  still 
connected  with  it.  Did  the  ore  pour  down  into  a  chimney-like 
opening  from  above,  or  was  it  forced  up  by  hydraulic  pressure 
from  below?  Dr.  T.  L.  Walker,  who  has  studied  the  region  care- 
fully, inclines  to  the  latter  view,  which  is  probably  correct,  though 
the  other  is  quite  conceivable. 

Not  all  offset  deposits  are  columnar,  though  this  is  the  usual 
form.  One  naturally  compares  these  pipe-like  cylinders  of  ore 
with  the  diamond  pipes  of  South  Africa,  but  there  is  no  real 
relation  between  them  so  far  as  known.  The  diamond  pipes  are 
supposed  to  be  volcanic  vents  where  explosive  eruptions  took 
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place,  while  the  Sudbury  ore  columns  appear  to  have  been  forced 
or  poured  into  openings  due  to  the  shifting  of  blocks  by  faults; 
the  faults  themselves  being  caused  by  removal  of  support  from 
beneath  when  the  norite  magma  ascended  and  spread  out  into 
the  present  laccolithic  sheet. 

Parallel  Offsets. 

The  largest  of  all  the  known  nickel  deposits  is  quite  distinct 
from  the  forms  thus  far  mentioned  but  belongs  to  the  offset  group 
of  deposits  rather  than  the  marginal.  The  Frood  or  No.  3 
deposit  of  the  Canadian  Copper  Co.,  along  with  the  Stobie, 
extends  for  about  two  miles  from  northeast  to  southwest  nearly 
parallel  to  the  edge  of  the  nickel  eruptive  but  about  a  mile  to  the 
southeast.  It  is  separated  from  the  norite  by  a  wide  band  of 
granite  and  greenstone  with  no  surface  indications  of  a  connection 
between  them;  and  there  is  no  bay  of  the  norite  leading  towards 
the  deposit.  That  there  is  a  subterranean  connection,  however, 
is  certain,  since  here  as  in  all  other  nickel  deposits  of  the  Sudbur\- 
region  one  finds  the  ore  accompanied  by  pyrrhotite-norite. 
The  character  of  the  ore  approaches  more  closely  to  the  marginal 
type  than  the  offset  type,  since  nickel  is  present  in  much  larger 
amounts  than  copper.  It  has  been  found  by  diamond  drilling 
that  the  dip  of  the  deposit  is  at  first  about  60°  towards  the  edge 
of  the  norite  a  mile  away;  but  in  depth  the  dip  flattens  greatly 
in  the  same  direction,  supporting  the  idea  of  an  underground 
connection  between  the  two.  Probably  there  were  many  devious 
channels  between  fault  blocks  allowing  the  melted  mixture  of 
norite  and  ore  to  push  its  way  outwards  and  finally  upwards 
at  the  Frood.  The  accompanying  country  rock  is  mainly  gray- 
wacke  with  a  distinct  cleavage  parallel  to  the  elongated  outcrop 
of  ore.  This  probably  facilitated  the  upward  motion  of  the  ore 
and  norite  to  the  point  where  it  is  found.  As  might  be  expected 
under  the  circumstances,  the  ore  is  quite  irregularly  disseminated 
and  is  mixed  with  much  more  rock  than  in  a  characteristic  mar- 
ginal mine,  such  as  the  Creighton. 
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The  classification  of  ore  deposits  due  to  magmatic  segrega- 
tion as  illustrated  in  the  Sudbury  region  may  be  put  in  the  follow- 
ing form: 

{Normal 
■ 
Faulted 

fColumnar 
Offset  Deposits       <  Dike-like 
[parallel 


PROSPECTING  AND  WASHING  FOR  DIAMONDS 

By  W.  J.  Dick,  Ottawa,  Ont. 
{Annual  Meeting,  Ottazca,  1913) 

Reports  have  appeared  frequently  in  the  newspapers  con- 
cerning explorations  that  have  been  undertaken  with  a  view  to 
the  discovery  of  diamonds  in  our  north  country.  Again  from 
time  to  time,  specimens  thought  to  be  diamonds  have  been  sub- 
mitted to  some  of  our  institutions  for  determination.  Although, 
so  far,  all  results  have  been  of  a  negative  character,  the  discovery 
in  Canada  of  diamonds  of  commercial  size  is  within  the  range 
of  possibility. 

Diamonds  of  commercial  size  have  been  found  in  the  glacial 
gravels  of  Michigan  and  Wisconsin.  This  fact  is  of  importance 
on  account  of  the  gravel  consisting  largely  of  material  which  has 
been  transported  from  Canada  by  ice  during  the  Glacial  period. 

Recent  work  by  the  Geological  Survey  has  demonstrated 
the  fact  that  diamonds  of  small  size  occur  in  certain  peridotite 
rocks  of  the  Eastern  Townships  and  of  the  Tulameen  district, 
British  Columbia. 

Many  prospectors  are  engaged  each  year  in  the  search  for 
mineral  deposits  throughout  our  north  country.  Some  of  these 
have  specially  prospected  for  diamonds,  but  employing  as  the 
majority  would,  ordinary  gold  placer  methods,  success  in  this 
direction  would  be  the  merest  chance,  even  if  diamonds  were 
fairly  abundant.  This  will  be  realized  when  it  is  stated  that 
the  specific  gravity  of  a  diamond  is  3.52,  while  the  specific  gravity 
of  gold  varies,  depending  on  the  amount  of  silver  present,  from 
15  to  19.3. 

There  is  practically  no  literature  dealing  with  the  subject  of 
diamond  washing  by  hand,  and  on  this  account  the  present  notes 
descriptive  of  methods  that  may  be  satisfactorily  employed  by 
the  prospector  have  been  prepared.  The  information  is  based 
on  the  writer's  experience  of  diamond  w^ashing  in  Brazil. 

Diamond  bearing  deposits  may  be  divided  into  three  classes, 
namely: 

(1)  Deposits  in  which  the  diamond  occurs  as  a  primary 
constituent    in    certain    basic    igneous   rocks,    as   in 
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South  Africa  and  San  Juan  de  Chapada,  Brazil;  in 
the  Eastern  Townships  of  Quebec,  and  the  Tulameen 
district  of  British  Columbia,  they  are  present  in 
intimate  association  with  chromite  as  a  differentia- 
tion product  of  rocks  of  peridotite  facies. 

(2)  Sedimentary  deposits,  as  in  certain  conglomerates  in 

Brazil. 

(3)  Alluvial  deposits. 

The  presence  of  diamonds  in  place  is  very  difficult  of  deter- 
mination without  recourse  to  refined  methods  of  petrographic 
research.  If  the  prospector  suspects  that  diamonds  are  present 
in  an  alluvial  deposit,  he  may  proceed  to  test  by  washing. 
The  gravels  should  also  be  examined  for  the  associated  minerals 
which  were  accessory  or  accidental  constituents  of  the  original 
diamond-bearing   rock. 

When  washing  for  diamonds  it  is  well  to  remember  that 
hornblende,  pyroxene,  garnets,  sphene  and  tourmaline  have 
approximately  the  same  specific  gravity  as  the  diamond.  The 
means  adopted  will  depend  on  the  nature  of  the  material.  The 
bolhiette  method  is  employed  for  the  preliminary  washing  of  a 
deposit  containing  clay,  and  the  barca  method  for  washing 
ordinary  gravel.  The  baica  method  is  followed  in  final  concen- 
tration in  each  case. 

BOLINETTE   METHOD  FOR  WASHING   CLAYEY   GRAVEL 

The  material  is  recovered  in  the  ordinary  way.  All  large 
stones  are  separated  and  are  cleaned  by  rubbing,  the  remainder 
being  conveyed  to  the  bolinette  for  washing.  The  bolinette  (see 
accompanying  sketch)  consists  of  an  artificial  waterfall,  the 
height  of  which  is  about  3  feet,  and  a  sluiceway  provided  with 
a  saucer-shaped  clay-lined  pocket  at  the  bottom  of  the  fall. 
The  slope  of  the  discharge  end  should  be  such  as  to  carry  away 
the  fine  material. 

The  clay-like  material  is  dumped  into  the  bolinette  at  the 
foot  of  the  fall.  The  washer,  standing  in  the  sluiceway,  stirs 
the  material  continuously  and  breaks  the  lumps  with  a  shovel 
or  a  wooden  padrlle.  Care  is  taken  not  to  injure  the  clay 
lining. 
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From  time  to  time  the  larger  stones  are  picked  out  and  as 
the  clay  becomes  disintegrated  it  is  carried  away  by  the  water, 
the  concentrate  settling  at  the  bottom  of  the  pocket.  Directly 
the  pocket  is  filled,  the  concentrate,  as  well  as  the  scrapings 
from  the  clay  bottom,  are  removed  to  the  pool  or  river  for 
final  concentration  in  the  batea.  Not  less  than  one  cubic  yard 
of  material  should  be  used  for  the  purpose  of  a  test. 

BARCA  METHOD  FOR  WASHING  GRAVEL 


This  method  is  applicable  to  all  sand  and  gravel  which  does 
not  contain  clay. 

The  barca  is  a  rectangular  box,  4|  feet  wide  by  6  feet  long, 
in  which  the  fourth  side,  or  that  nearest  the  water's  edge,  consists 
of  wooden  stakes  interlaced  with  grass  having  an  opening  of  about 
one  foot  in  width.  The  wooden  stakes  reduce  the  velocity  of 
the  water  used  in  washing  which  would  otherwise  carry  away 
some  of  the  concentrate. 
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The  barca  (see  sketch)  is  placed  on  the  edge  of  a  pond  or 
slack  water  of  a  stream,  and  is  fitted  with  a  clay-lined  pocket 
similar  to  that  already  described.  The  bottom  of  the  clay- 
lined  pocket  in  the  barca  should  be  as  nearly  as  possible  on,  or 
slightly  below,  the  level  of  the  surface  of  the  pond  or  stream. 

The  gravel  is  placed  in  the  head  of  the  barca  and  water  for 
concentration  is  thrown  by  a  batea  or  pan  holding  about  one 
and  one-half  gallons,  so  as  to  fall  in  a  solid  stream  making 
an  angle  with  the  normal  of  the  pocket.  Such  action  forces 
the  gravel  forward  and  the  rising  current,  reflected  from  the 
pocket,  acts  as  a  classifier.  As  the  water  flows  back  the  fine 
sand  is  carried  with  it.  The  washed  gravel  is  occasionally 
scraped  to  the  front  of  the  barca  and  after  being  washed  by 
a  light  stream  of  water  to  remove  adhering  particles,  the  larger 
stones  and  pebbles  are  picked  out  and  thrown  away. 

When  the  barca  pocket  becomes  filled  with  concentrate, 
these  are  removed  and  placed  on  a  pile.  After  the  test,  the  clay 
pocket  is  thoroughly  scraped  with  a  table  knife  and  deposited 
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with    the   concentrate.     This   precaution   is   taken    to   remove 
any  diamonds  that  otherwise  might  be  caught  by  the  clay. 

final  treatment  of  concentrate  in  batea 

The  batea  is  a  conical  wooden  or  metal  dish,  18  to  30  inches 
in  diameter  and  4  to  G  inches  in  depth.  The  batea  answers  the 
same  purpose  as  a  gold  pan;  but  has  the  great  advantage  of 
bringing  all  the  heaviest  particles  to  a  point  instead  of  to  an 
edge.  The  waste  material  is  not  flowed  over  the  edge  as  in  a 
gold  pan,  but  scraped  off  by  hand. 

Concentrate  from  bolinette  or  barca,  together  with  two 
or  three  handfuls  of  very  fine  clear  sand,  are  placed  in  a  batea. 
The  washer,  standing  in  water  to  his  knees,  partially  fills  the  batea 
with  water,  rotating  it  and  stirring  the  material  with  one  hand 
in  a  direction  opposite  to  the  rotation.  Thus  the  heavier  parti- 
cles are  assisted  in  settling  to  the  bottom  of  the  cone.  The  fine 
sand  settles  through  the  spaces  between  the  coarser  pebbles  and 
forms  a  layer  between  the  pebbles  and  concentrate.  This  sand 
tends  to  keep  the  concentrate  from  rising  to  the  surface  of  the 
batea.  The  coarser  pebbles  are  picked  out  by  hand  and  discard- 
ed. When  as  much  as  possible  of  the  waste  rock  has  been  re- 
moved and  the  batea  is  half  filled  with  concentrate,  the  fine 
sand  is  removed  easily  by  flowing  over  the  edge  as  in  gold 
panning. 

The  final  concentrate  may  then  be  treated  either  by  hand- 
screen  jigging  or  by  hand  picking. 

Hand-screen  jigging: — In  hand-screen  jigging  it  is  necessary 
to  have  a  set  of  hoop  screens  of  the  following  sizes:  ^V'^  -i^" ,  V, 
Y',  and  §"• 

A  small  quantity  of  concentrate  is  first  placed  in  the  largest 
screen  and  jigged  in  water  over  a  batea  or  dish.  The  dish  catches 
the  sizes  under  -j^  inch.  After  jigging  for  a  time,  the  jig  is  quickly 
over-turned  and  the  contents  deposited  on  a  level  surface. 
The  top  surface  of  the  concentrate  thus  exposed  is  carefully 
gone  over  with  a  knife  and  examined  for  diamonds.  The  same 
procedure  is  carried  on  for  the  remaining  sizes.  This  method 
has   the   advantage   of  being   quicker   than   hand    picking,   but 
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special  aptitude  is  required  in  turning  over  the  screens  so  as  not 
to  mix  the  jigged  material. 

The  following  method  is  to  be  preferred  as  the  washer 
actually  sees  every  particle  of  the  concentrate. 

Hand  picking: — A  portion  of  the  concentrate  is  placed  in 
a  batea  or  dish  and  by  spreading  out  the  material  on  the  rim  of 
the  batea  and  lightly  washing  it  into  another  dish,  the  observer 
may  examine  every  particle  of  material.  This  process  can  be 
repeated  as  often  as  necessary.  There  is  little  likelihood  of  the 
observer  failing  to  recognize  diamonds  when  wet,  as  the  lustre 
is  very  much  greater  than  that  of  other  minerals  with  which  they 
might  be  confounded.  It  is  usually  true  (especially  in  Brazil) 
that  the  diamonds  found  maintain  a  perfect  crystal  structure. 


THE   AGGLOMERATION   OF   FINE   IRON    ORES. 

By  H.  V.  Hansell,  New  York. 

Annual  Meetini^,    Otfa^ca,    /9/j 

During  recent  years  a  great  impetus  has  been  given  to 
the  mining  of  iron  ore  deposits  of  a  low  grade  character  by  reason 
of  the  increasing  scarcity  of  high  grade  ores.  As  these  low 
grade  ores  have  to  be  enriched  by  concentration  in  order  to  make 
them  merchantable,  and  as  this  concentration  requires  that  the 
material  to  be  treated  shall  be  finely  ground,  the  resulting  con- 
centrate can  be  used  to  only  a  limited  extent  in  blast  furnace 
mixtures,  unless  it  is  previously  converted  into  lumps  by  bri- 
quetting,  or  by  some  other  satisfactory  method  of  agglomeration. 

Economy  has  also  necessitated,  in  late  years,  that  such  waste 
products  as  the  flue  dust  from  blast  furnaces,  and  pyrite  resi- 
dues from  the  chemical  industry  should  be  utilized  for  the  produc- 
tion of  iron;  and  this  conversion,  especially  in  the  United  States, 
has  occasioned  a  good  deal  of  experimentation  as  to  the  best  and 
most  economical  method  to  be  used  to  make  such  products 
commercially  available. 

The  various  methods  as  present  in  commercial  use  on  this 
continent  may  be  classified  as  follows: — 

(1)  Briquetting: — 

(a)  by    pressing    and    heating,    employing    no    binder 

(Grondal). 

(b)  by  the  employment  of  a  catalytic  reagent  in  the 
briquetting  of  hot  fresh  flue  dust  (Schumacher). 

(2)  Nodulizing  in  rex^olving  furnaces. 

(3)  Sintering: — 

(a)  by  heating  with  external  fuel.     (West). 

(b)  by  heating,  chiefly  by  the  combustion  of  fuel 
which  has  been  intimately  mi.xed  with  the  ore 
(blast-roasting) 

(c)  up-draft  roasting  (Huntington-Heberlein). 

(d)  down-draft  blast-roasting 

continuous  process  (Dwight-Lloyd) 
intermittent  process  (Greenawalt) 
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When  making  a  choice  of  the  various  methods  above  given, 
the  first  consideration  naturally  is  the  character  and  market 
value  of  the  product  to  be  obtained  and  the  cost  of  its  produc- 
tion. 

In  any  agglomeration  process  the  object  is  to  obtain  the  ore 
in  lumps  of  such  size  as  may  be  suitable  for  use  in  the  blast 
furnace.  Such  material  must  have  sufficient  cohesion  and  re- 
sistance to  crushing  to  be  able  to  withstand  the  handling  and 
abrasion  due  to  transportation,  and  also  be  able  to  resist  disin- 
tegration by  the  atmosphere,  so  that  it  may  be  stored  in  piles 
in  the  open  air  without  deterioration.  If  such  material,  after 
transportation,  shipment  and  unloading,  does  not  contain  too 
great  a  proportion  of  dust  there  is  no  particular  objection  to  a 
considerable  breakage  of  the  larger  lumps.  A  blast  furnace 
manager  will  rarel>-  object  to  using  such  ore  in  the  condition  of 
coarse  sand,  but  will  strongly  object  to  using  it  if  it  contains  a 
considerable  percentage  of  dust.  At  the  same  time,  lumps  of 
the  size  of  furnace  coke  are  desirable,  since  such  size  helps  to 
carry  the  burden  and  facilitates  the  flow  of  the  gases.  The  agglo- 
merated material  must  be  able  to  exist  in  the  upper  part  of  a  blast 
furnace  without  crumbling  or  decrepitating  into  dust,  and  must 
be  porous  enough  to  permit  the  reducing  gases  to  penetrate 
freely  to  the  interior  of  the  lumps. 

If  the  agglomerated  ore  is  to  be  used  in  open  hearth  furnaces, 
it  must  be  of  sufficient  size  and  weight  to  sink  through  the  slag 
cover,  and  of  such  a  physical  and  chemical  character  as  to  permit 
of  the  desired  rapid  reaction  in  the  bath  of  molten  iron. 

Frequently  it  is  desired  to  desulphurize  an  ore  before  agglom- 
erating it ;  in  such  cases  the  method  adopted  must  be  one  provid- 
ing for  sufficient  heating  of  the  ore  in  an  oxidizing  atmosphere 
to  jDcrmit  of  effective  desulphurization. 

The  Grondal  Briquettinc;  Process. 

The  Grondal  furnace,  briefly  described;  is  a  channel  furnace 
through  which  the  ore,  compressed  into  the  form  of  bricks, 
is  conveyed  on  flat  cars  which  constitute  a  continuous  movable 
platform.     The  heat  is  obtained  by  the  burning  of  gas,  intro- 
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duced  through  the  raised  arch  at  a  point  situated  about  two-thirds 
of  the  furnace  length  from  the  feeding  end.  The  flat  cars  are 
built  of  structural  steel  with  fire-brick  tops,  and  with  flanges 
on  each  side  that  dip  into  sand-troughs.  Often  they  are  built 
with  overlapping  ends,  so  that  when  pushed  against  each  other 
in  the  furnace  they  completely  separate  the  upper  and  lower 
parts  of  the  furnace,  thus  confining  the  gases  to  the  upper  part. 
Any  fuel  containing  sufficient  calorific  value  may  be  used. 
In  Europe,  producer  gas  is  the  common  fuel ;  in  some  places  in 
Sweden  a  mixture  of  blast  furnace  gas  and  producer-gas  is  used. 
Blast  furnace  gas  alone  is  too  impoverished  and  must  be  enriched 
with  producer-gas  to  give  the  high  temperature  requisite  for  the 
reaction.  When  blast  furnace  gas  is  available,  however,  it  is 
economical  to  use  it,  since  the  coal  consumption  in  the  gas- 
producer  can  thereby  be  cut  nearly  in  two.  In  the  United  States, 
crude  oil  is  used  at  two  plants,  and  natural  gas  at  two;  local 
conditions  govern  the  choice  of  fuel. 

The  construction  of  the  furnace  necessarily  has  to  be  modi- 
fied according  to  the  character  of  the  fuel  to  be  used,  although 
the  general  design  is  governed,  broadly,  by  the  same  principles. 
In  the  first  section,  or  one  third  of  the  furnace,  the  briquettes  are 
pre-heated  by  the  escaping  combustion  gases,  and  pass  through 
zones  of  increasing  heat  as  the  cars  are  pushed  forward.  The 
heat  of  the  combustion  chamber  is  maintained  at  a  temperature 
of  about  2,500°F.  After  leaving  the  combustion-chamber  the 
briquettes  are  passed  through  a  cooling-chamber,  into  which 
the  air  for  cooling  is  blown  by  means  of  a  fan;  upon  leaving  this 
chamber  they  are  sufficiently  cooled  to  be  loaded  directly  into 
railway  cars.  The  arch  over  the  cooling-chamber  is  a  double 
arch,  which,  in  some  installations,  is  made  of  corrugated  cast- 
iron  plates.  The  air  that  is  to  be  used  directly  for  the  combustion 
passes  through  this  space  between  the  double  arches  and,  by 
the  time  it  reaches  the  combustion-chamber,  its  temperature 
has  been  raised  to  between  400°  to  600°  F. ;  the  outgoing  gases 
from  the  furnace  have  a  temperature  of  from  350°  to  500°  F. 
when  they  reach  the  stack-flue.     The  furnace,  therefore,  is  built 
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on  the  regenerative  principle  and  its  heating  efficiency  is  good. 
The  walls  are  double,  and  the  top  arch  is  usually  covered  with 
8  to  10  inches  of  sand,  to  make  radiation  losses  low. 

If  a  Grondal  furnace  is  efficiently  operated,  strong,  firm 
briquettes  of  a  dark  blue  colour  are  produced.  The  atmosphere 
in  the  hottest  part  of  the  furnace  is  strongly  oxidizing,  and  bri- 
quettes made  of  magnetic  ore  usually  show  more  than  90%  of 

Fe.A. 

As  the  briquettes  remain  for  several  hours  in  this  strongly 
oxidizing  atmosphere  they  are  almost  completely  desulphurized, 
should  sulphur  be  present.  Some  plants  operating  on  pyrites 
cinder,  which  contains  2%  to  3%  of  sulphur,  produce  briquettes 
containing  less  than  .05%  of  sulphur. 

In  a  paper  presented  by  the  writer  at  a  recent  meeting  of 
the  American  Institute  of  Mining  Engineers  various  data  on 
the  physical  quality  of  briquettes,  and  on  the  use  of  these  in  blast 
furnaces,  is  given;  this  information  is  supplemented  here  by  some 
figures  recenth-  obtained  from  the  Northwestern  Iron  Com- 
pany operating  a  briquette  plant  at  Mayville,  Wisconsin. 
The  Northwestern  Iron  Company  uses  ore  of  the  Clinton  type 
which,  in  its  crude  state,  contains  46.2%  metallic  iron,  and 
9.55%  of  combined  water;  in  the  briquettes  the  iron  content  is 
increased  from  46.2%  to  55%). 

The  use  of  briquettes  in  the  blast  furnace  has  made  a 
saving  in  coke  of  some  200  pounds  per  ton  of  pig  iron  produced, 
and  the  tonnage  of  iron  produced  has  been  increased  by  30 
to  40  tons  a  day;  in  the  one  case  the  charge  contained  60%  of 
crude  Mayville  ore  and  40%  of  Lake  ore;  in  the  other  case  the 
charge  was  60%  of  Mayville  bricjuettes  and  40%  of  Lake  ore. 

The  S(  HiMAcnER  Briquetting  Process. 

The  Schumacher  process  was  invented  in  1908  by  Dr.  W. 
Schumacher  and  was  first  used  at  the  Hasper  iron  works  in  Ger- 
many; it  is  especially  adapted  to  the  treatment  of  blast  furnace 
flue  dust. 

The  process  is  based  upon  cementing  properties  which 
are  latent  in  fresh  flue  dust,  but  which  ran  be  made  active  by 
the  addition  of  a  small   amount  of  some  catalytic  substance. 
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such  as  magnesium  chloride,  calcium  chloride,  sulphate  of  iron, 
etc.  For  good  results  the  flue  dust  must  be  taken  directly 
from  the  dust  catchers  while  it  is  hot. 

The  process  is  in  use  at  several  works  in  Germany,  and  is 
being  experimented  with  at  two  plants  in  the  United  States. 

The  Nodulizing  Process. 

This  process  for  the  treatment  of  finely  granulated  iron 
ores  is  the  first  one  that  proved  commercially  successful  in  the 
United  States.  The  furnace  used  is  of  the  type  that  has  been 
employed  since  1885  for  the  production  of  cement  clinker  in 
the  cement  industry.  Essentially,  it  is  a  slowly  rotating,  slightly 
inclined,  cylindrical  kiln  into  the  upper  end  of  which  the  fine  ore 
is  fed  continuously  by  a  mechanical  feeder.  The  rotary  motion 
of  the  kiln  causes  the  ore  to  slide,  or  roll,  gradually  towards  the 
lower  end  of  the  kiln,  at  which  end  it  meets  the  highest  tempera- 
ture of  the  kiln.  The  burning  gases  are  introduced  at  the  lower 
end  of  the  kiln  and  pass  out  at  the  upper  or  feed  end  of  the  kiln; 
the  ore  is  thus  gradually  rolled  from  the  lowest  to  the  highest 
temperature  within  the  kiln.  Towards  the  lower  end  of  the  kiln 
the  ore  particles  become  plastic  and  agglutinate,  and,  owing  to 
the  rotary  motion,  become  agglomerated  into  small  balls  or  nodules 
that  are  discharged  from  the  kiln  in  a  red  hot  condition.  To 
produce  the  heat,  almost  any  kind  of  fuel  may  be  used  that  can 
be  introduced  through  a  central  burner.  Finely  powdered  coal, 
tar,  fuel  oil,  producer-gas  and  natural  gas  are  used  in  difTerent 
plants  with  almost  equal  success.  Blast  furnace  gas  ma}-  also 
be  employed,  if  available.  The  fuel  most  commonly  used  is  pow- 
dered coal,  which  is  blown  into  the  kiln  by  an  air  blast,  the  air 
current  taking  the  finely  pulverized  coal  with  it  and  producing 
cjuick  combustion  with  a  great  amount  of  heat  at  the  lower  end 
of  the  kiln.  The  grade  of  coal  which  seems  to  be  preferred  is 
one  containing  from  30%-35%  of  volatile  matter  with  not  over 
9%-12%  of  ash.  The  finer  the  coal  is  pulverized  the  better  are 
the  results  obtained;  it  is  usual  to  first  dry  the  coal  before  pul- 
verizing, and  then  to  grind  it  so  that  it  will  pass  through  a  screen 
with  100  meshes  to  the  inch. 
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In  starting  a  kiln  a  wood  fire  is  used  at  first  to  warm  the 
kiln  thoroughly;  as  soon  as  this  is  accomplished  the  powdered 
coal  is  blown  in,  which  ignites  as  soon  as  it  leaves  the  burner, 
producing  a  long  and  hot  flame.  The  length  and  the  tempera- 
ture of  this  flame  is  controlled  by  regulating  the  quantities  of 
air  and  coal  which  pass  through  the  burner. 

The  kiln  itself  is  constructed  of  steel  plate,  lined  with  fire 
brick;  its  dimensions  have  been  various,  ranging  from  60  feet 
to  225  feet  in  length,  and  from  6  feet  to  12  feet  in  internal  dia- 
meter; the  inclination  is  from  6%  to  S%.  The  common  dimen- 
sions in  modern  j^lants  are  about  120  feet  in  length  by  about  8 
feet  in  diameter.  The  kiln  is  furnished  with  two  or  three  heavy 
steel  bands  or  tires  that  rest  on  friction  rollers,  and  it  is  rotated 
by  means  of  a  toothed  band,  gearing  into  a  pinion,  and  the  speed 
of  rotation  varies  from  one-half  a  rexolution  to  two  revolutions 
per  minute.  It  will  be  understood  from  the  description  that  the 
greater  part  of  the  kiln  serves  for  pre-heating  and  desulphurizing 
purposes,  and  that  the  temperature  of  the  ore  is  gradually  raised 
to  the  point  where  it  will  sinter  or  agglutinate. 

At  a  temperature  which  is  high  enough  to  cause  the  ore 
particles  to  agglomerate  it  is  evident  that  a  considerable  portion 
of  the  plastic  ore  will  stick  to  the  fire  brick  lining;  this  so-called 
"ringing"  gradually  builds  up  and  finally  affects  the  efficiency 
of  the  kiln  so  that  it  has  to  be  stopped  and  cleaned.  This  usually 
happens  every  eight  to  ten  days  and  reduces  thereby  the  monthly 
output  of  the  kiln.  The  desire  to  overcome  this  "ringing" 
and  its  consequent  delay  has  lead  to  many  trials  of  devices 
having  that  object  in  \iew,  but  none  seems  as  yet  to  have  been 
sufficiently  effective  to  have  been  universally  adopted. 

A  large  number  of  nodulizing  plants  are  now  in  operation 
in  the  United  States  treating  difl'ercnt  kinds  of  material.  Among 
those  which  should  be  mentioned  is  the  one  at  Hackensack 
Meadows,  New  Jersey,  which  is,  I  believe,  the  pioneer  plant. 
It  was  built  about  ten  years  ago  and  contains  three  kilns,  two 
of  which  were  intended  originally  for  the  roasting  of  copper  ores 
by  the  Henderson  method;  now  all  three  are  used  to  nodulize 
pyrites  residues  and  "blue  bilU." 
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Among  the  plants  which  are  working  on  magnetite  concen- 
trates are  the  Lebanon  plant  of  the  Pennsylvania  Steel  Company 
and  the  Benson  plant  at  Benson  Mines,  New  York.  That  at 
Lebanon  has  four  kilns,  two  of  which  are  7  feet  in  diameter  and 
two  are  8  feet.  The  concentrate,  which  comes  from  a  Grondal 
concentrating  plant,  contains  about  .5%  of  sulphur  which  is 
reduced  to  about  .  1%  in  nodulizing. 

The  large  nodulizing  plant  at  Felton  in  the  Island  of  Cuba 
has  12  kilns,  each  of  which  is  10  feet  in  diameter  and  125  feet 
long.  The  ore  treated  in  this  plant  is  the  so-called  brown  iron 
ore  from  the  Mayari  district.  The  analysis,  before  nodulizing 
and  after  nodulizing  is  given  below: — 


Before 

After 

Nodulizing 

Nodulizing 

46.0.3 

53.37 

5.50 

3.64 

1.033 

13.77 

1.73 

2.01 

0.015 

.016 

1.04 

.87 

31.63 

13.62 

Iron  dried  at  212  deg.  F 

Silica 

Alumina 

Chromium 

Phosphorus 

Nickel 

Hygroscopic  water 

Combined  water 


Worthy  of  special  attention  is  a  plant  in  Canada,  erected 
by  the  Algoma  Steel  Company  at  their  Magpie  Mines  near  Michi- 
picoten,  Ontario.  The  ore  here  is  a  siderite,  or  carbonate  of  iron, 
high  in  sulphur.  Each  unit  of  this  plant  consists  of  two  kilns 
working  in  tandem.  In  the  first  kiln  the  ore  is  calcined  and  roast- 
ed so  as  to  lower  the  sulphur,  and  in  the  second  one  it  is  agglom- 
erated. It  is  understood  that  the  first  unit  put  in  operation 
gave  satisfactory  results. 

The  West  Sintering  Process. 


As  this  process  was  described  in  detail  in  the  Iron  Age  of 
October  24th,  1912,  it  need  only  be  mentioned  here  briefly. 
The  furnace  used  has  a  longitudinal  chamber  with  a  movable 
bottom  or  bed ;  the  ore  is  fed  through  an  opening  in  the  furnace 
roof  and  falls  in  a  fine  stream  to  the  bottom,     passing  through 
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a  flame  from  burners  situated  in  the  sides  of  the  furnace.  The  ore 
particles  are  heated  to  the  sintering  temperature  and  are  agglom- 
erated upon  reaching  the  bottom.  One  plant  is  said  to  be  in 
operation  at  the  Carnegie  Steel  Company's  works  near  Pittsburg. 

Sintering  by  Internal  Combustion. 

Recently  a  method  of  agglomerating  fine  ores  by  the  internal 
combustion  of  intermixed  coal,  or  of  the  sulphur  in  the  contained 
sulphides,  has  gained  prominence.  In  1868  a  patent  was  taken 
out  in  England  relating  to  sintering  (or  as  it  is  there  called"  cok- 
ing or  carbonizing  process")  that,  in  all  its  essential  details  was 
a  fore-runner  of  the  modern  down-draft  roasting  process.  The 
patent  describes  a  furnace  with  brick  walls  and  a  perforated 
grate  on  which  the  iron  ore  was  placed;  the  charge  was  ignited 
on  the  top  and  the  heat  and  gases  were  drawn  downwards 
through  the  ore;  the  resulting  clinkered  mass  was  then  ready 
for  reduction  into  pig  iron  by  the  blast  furnace.  This  early  form 
of  the  internal  combustion  method  is'  of  more  than  merely 
historical  interest. 

With  iron  ores  nothing  further  seems  to  have  been  done 
for  a  long  time,  but  with  other  ores,  especially  those  of  zinc, 
coppper  and  lead,  experimentation  appears  to  have  been  carried 
on  continuously.  A  number  of  patents  have  been  taken  out, 
and  some  commercial  plants  have  been  described  from  time  to 
time  in  technical  literature.  When,  after  the  lapse  of  years, 
the  blast  roasting  sintering  process  was  again  introduced  in  the 
iron  industry  three  modifications  had  been  developed,  all  of  which 
are  now  in  use  in  the  United  States.  These  three  modifications 
are,  the  Huntington-Heberlein,  using  an  up-draft,  and  the 
Dwight-Lloyd  and  the  Greenawalt,  using  the  down-draft. 
These  two  latter  have  much  in  common  and  at  first  glance 
it  would  seem  that  the  chief  difference  lies  in  the  fact  that  the  one 
is  continuous,  and  the  other  intermittent  in  its  operation. 

The  Huntington-Heberlein  process  is  particularly  used  for 
the  roasting  and  agglomeration  of  pyrites  residues  :  several 
plants  are  in  operation  in  Germany,  and  three  or  four  have 
been  installed  in  America. 
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Briefly,  the  Huntington-Heberlein  furnace  can  be  described 
as  a  converter,  usually  of  semi-spherical  form,  suspended  on 
trunnions  so  that  it  may  easily  be  turned  to  discharge  its  load. 
Near  the  bottom  of  the  pan  is  a  grate  perforated  with  one-quarter 
inch  round  holes  and  under  this  grate  compressed  air  is  introduced 
at  a  pressure  of  about  15  inches  of  water. 

Usually  a  small  coke  fire  is  first  kindled  on  the  grate;  the  air 
blast  is  turned  on  and  then  the  mixture  of  ore  and  crushed  coal 
is  fed  gradually  on  to  the  coal  fire.  The  heat  from  the  burning 
coke  ignites  the  coal  in  the  charge  with  the  result  that  the  ore 
particles  become  sufficiently  heated  to  agglutinate.  The  ore  mix- 
ture is  usually  fed  mechanically  on  to  the  hot  mass  in  the  pan 
in  uniform  layers.  Care  has  to  be  taken  to  w^atch  the  operation, 
inasmuch  as  the  compressed  air  tends  to  force  its  way  'irough 
the  heated  mass,  thereby  forming  channels  which  must  be  closed 
so  that  the  air  will  permeate  the  whole  mass.  When  the  cake 
has  been  built  up  gradually  to  four  or  five  feet  in  thickness  the 
converter  is  discharged. 

The  time  required  for  such  a  charge  varies  greatly  with  the 
character  of  the  material  to  be  agglomerated.  Six  hours  is  stated 
to  be  an  average  figure;  the  coal  consumption  with  fine  iron  ores 
is  said  to  be  12%.  The  ore  agglomerated  by  this  process  is 
usually  hard  and  dense  and  requires  to  be  crushed  before  ship- 
ment. 

The  Dwight-Lloyd  Process. 

In  the  Dwight-Lloyd  method  the  fine  ore  and  the  crushed 
coal  are  fed  in  pre-determined  proportions  into  a  pugmill; 
in  this  they  are  thoroughly  mixed  and  moistened  with  water. 
The  mixed  mass  is  conveyed  directly  to  the  sintering  machine 
which  consists  of  an  endless  train  of  small  cast  iron  pallets 
which  are  pushed  along  the  track  on  the  top  of  a  suction 
or  wind  box.  The  bottom  of  the  pallets  is  constructed  of 
"herring  bone"  grates  upon  which  the  charge  is  fed  to 
a  thickness  of  five  or  six  inches.  The  charge  is  ignited  by 
an  oil  burner  placed  across  the  top  of  the  pallets  at  the 
charging   end  of  the  machine;  the  speed   of   the   pallets   is   so 
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arranged  that  the  temperature  requisite  for  agglomeration  has' 
reached  the  gates  by  the  time  the  pallets  pass  the  farther  end 
of  the  wind  box.  At  the  discharging  end  of  the  furnace  a  few 
feet  beyond  the  end  of  the  wind  box  the  pallets  drop  one  by  one 
a  short  distance  through  semi-circular  guides,  each  pallet  striking 
the  preceding  one  with  a  sharp  blow.  This  blow  loosens  the 
sinter  material  from  the  grate,  discharging  it  into  a  spout.  The 
empty  pallets  return  on  the  endless  way  upside  down  to  the 
charging  end,  at  which  end  a  large  sprocket  wheel  lifts  them  again 
to  the  charging  hopper  whence  they  are  pushed  again  over  the 
wind  box  thus  completing  the  cycle.  The  machine  used  for 
flue  dust  has  a  suction  of  wind  box  42  inches  in  width  and  12  feet  in 
length.  The  capacity  of  the  machine  is  dependent  on  the  charac- 
ter of  the  ore,  and  stands  in  definite  relation  to  the  amount  of 
fuel  in  the  ore,  whether  it  is  in  the  form  of  coke,  as  in  the  case  of 
flue  dust,  or  in  the  form  of  fine  coal  as  when  sintering  natural 
fine  ores  or  material  containing  a  high  percentage  of  sulphur, 
such  as  pyrites  residues  and  blue  billy.  A  machine  of  the  size 
mentioned  is  stated  to  have  a  daily  capacity  of  about  70  tons. 

The  Greenawalt  Process. 

In  the  year  1910  at  the  "Modern  Smelter"  near  Denver, 
Colorado,  there  was  installed  the  first  commercially  operated 
Greenawalt  pan;  the  raw  material  treated  was  copper  pyrites. 

A  second  installation  of  this  system  was  made  in  1901  at 
the  Midvale  plant  of  the  United  States  Smelting  Refining  and 
Mining  Co.  Towards  the  end  of  1911  experiments  on  a  large 
scale  were  made  with  different  iron  ores,  pyrites  residues,  etc. 
These  experiments  were  undertaken  to  determine  the  value 
of  the  process  for  desulphurizing  and  also  to  obtain  data  as  to 
the  value  for  the  iron  industry  of  the  product  obtained.  The 
results  were  very  encouraging  and  in  the  two  years  that  have  since 
elapsed  a  number  of  the  Greenawalt  furnaces  have  been  installed 
and  operated  which  sinter  iron  ores  and  waste  products  of  various 
kinds. 

The  chief  feature  of  the  Greenawalt  process  is  the  shallow 
pan,  or  converter  of  cast  iron  or  cast  steel,  which  is  suspended 
by  hollow  trunnions.     A  grate  which  is  parallel  with  the  bottom 


Greenawalt  Igniter. 


Greenawalt  Sintering  Pan  in  course  of  construction). 
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of  the  pan  divides  this  converter  into  two  chambers,  the  lower 
of  which  is  connected  with  a  specially  designed  exhaust  fan, 
communicating  with  the  chamber  through  the  hollow  trunnions. 
The  height  of  the  upper  chamber  is  regulated  by  the  thickness 
of  the  layer  of  ore  which  is  to  be  sintered,  this  of  course  is  deter- 
mined experimentally  for  each  ore  before  treatment.  In  common 
practice  a  distance  from  the  top  of  the  grate  to  the  upper  edge 
of  the  pan  is  12  inches.  The  two  other  dimensions  of  the  pan  de- 
pend upon  the  tonnage  desired.  By  the  makers  a  size  of  7  feet 
by  12  feet  (84  sq.  ft.)  has  been  established  as  a  standard  unit. 

For  starting  or  igniting  the  charge  a  so-called  "igniter". is 
used.  This  igniter  is  a  perforated  hood  suspended  by  a  system 
of  levers  that  is  carried  on  a  double  truck  that  runs  on  rails 
placed  on  the  charging  floor  of  the  furnace;  it  is  furnished  with 
oil  or  gas  burners  which  enter  through  the  sides  or  top.  By  this 
system  of  levers  the  igniter  can  be  lowered  on  to  the  pan  and  made 
practically  air-tight. 

Besides  the  pan,  the  exhaust  fan,  and  the  igniter  which 
really  are  the  essential  parts  of  the  Greenawalt  installation 
there  are  minor  details  of  equipment  vy^hich  are  of  equal  im- 
portance to  obtain  a  satisfactory  product  ;  among  those  are 
the  mixer,  in  which  the  charge  is  prepared,  i.e.,  mixed  with  coal 
and  water  in  the  right  proportions;  and  also  the  charging  car 
designed  to  deliver  the  charge  into  the  pan  and  to  spread  it  evenly 
with  the  top  of  the  pan. 

The  method  of  operating  is  as  follows:  There  is  first  placed 
upon  the  grate  a  thin  layer  of  green  ore  or  of  fines  from  a  pre- 
vious charge;  this  layer  is  usually  referred  to  as  the  "porous 
bed"  and  it  serves  not  only  as  a  protection  for  the  grate  bars, 
but  also  to  prevent  the  fine  ore  in  the  charge  from  being  drawn 
into  the  fan  by  suction.  This  "porous  bed"  is  important,  as 
it  protects  the  equipment  and  thereby  lowers  the  cost  of  the 
upkeep.  In  the  meanwhile  the  ore  mixture  has  been  prepared 
and  delivered  into  the  charging  car,  which,  in  large  installations, 
is  built  as  a  self-contained,  electrically  operated  larry  that  charges 
the  ore  into  the  pan  and  levels  it,  giving  a  uniform  and  evenly 
distributed  charge  without  undue  packing. 
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The  igniter  is  then  put  into  position  over  the  pan  and  the 
exhaust  fan  is  started ;  the  mixture  of  oil  and  air  is  blown  in 
under  pressure  through  the  oil  burners  and  ignited.  The  flames 
fill  the  entire  space  between  the  cover  and  the  charge  and  are 
drawn  into  the  ore  bed  by  means  of  a  suction.  In  about  a  minute 
the  whole  surface  appears  to  be  glowing  as  the  coal  in  it  has 
ignited.  When  this  point  is  reached  the  oil  is  turned  off  and  the 
igniter  can  be  removed;  in  a  few  minutes  the  surface  appears 
to  be  bluish  and  cold;  since  the  combustion  of  the  coal  in  the 
charge  is  proceeding  downwards  in  horizontal  layers,  and  each 
thin  layer  is  in  turn  brought  up  to  an  intense  heat  which  causes 
the  ore  particles  to  agglutinate;  this  heat  is  quickly  conxeyed 
to  the  next  layer  below  while  the  upper  or  previous  one  is  quickly 
cooled  off  by  the  current  of  air  passing  downwards  through  the 
mass. 

In  half  an  hour  to  one  hour,  depending  upon  the  character 
of  the  ore,  the  combustion  has  passed  through  the  charge  and 
reached  the  porous  bed;  the  heat  then  is  siifficicntl\-  high  to  cause 
this  bed  to  agglomerate  together  with  the  rest  of  the  charge, 
but  the  temperature  drops  so  quickly  that  when  the  furnace 
is  discharged  the  grates  are  found  to  be  black  and  cool. 

After  a  few  days'  operation  it  has  been  found  that  the  work 
can  be  carried  on  by  common  labour  and  can  l)e  regulated  simph' 
by  the  clock,  thus: — 

(1)  So  many  seconds  for  igniting. 

(2)  So  many  minutes  for  sintering. 

It  is  found  that  tlie  onl\-  place  where  a  careful  contn^l  of  the 
operations  is  required  is  at  the  mixing;  it  is  important  that  the 
ore  mixture  shall  contain  the  right  amount  of  moisture.  If  the 
charge  is  too  dry  it  will  be  "dead"  at  the  ignition  and  it  will 
be  found  impossible  to  get  a  uniform  reaction  throughout  the 
mass.  Experience  has  shown  that  the  man  in  charge  very  soon 
learns  to  tell,  by  squeezing  a  small  ball  of  the  mixture,  whether 
it  is  wet  enough.  Certain  ores  (like  magnetic  concentrate)  do 
not  need  more  than  7-8%  of  water,  10%  is  too  much;  pyrites 
residues  require  from  15-20%,  and  Cuban  brown  iron  ore  can  be 
sintered  with  c\en  30%  of  water. 
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The  same  care  has  to  be  taken  in  regard  to  the  admixture 
of  coal,  particularly  in  order  to  obtain  a  satisfactory  desulphur- 
ization.  As  a  rule  the  proportion  of  coal  and  water  required 
to  give  the  lowest  amount  of  sulphur  in  the  sintered  ore  and  the 
strongest  product  physically  has  to  be  determined  experimentally 
on  each  specific  ore. 

With  certain  magnetic  concentrate  2%  of  fuel  has  given  an 
excellent  product;  with  concentrate  containing  64%  of  iron  and 
1  1-2%  of  sulphur  in  the  form  of  pyrrhotite,  the  following  results 
were   obtained : — 

With    1      %  coal. — Sinter  very  brittle,  almost  complete  de- 

sulphurization. 
"      1-5%      "    — Sinter  brittle  with  0.03%  sulphur. 
"     2     %      "    — Sinter  excellent  in  every  respect,  0.06% 

sulphur. 
"      3     %      "    —Sinter  very  good,  0.09  sulphur 
"     3     %      "    — Sinter  partly  vitrified,  burned  too  hard. 

The  small  amount  of  coal  required  to  give  a  good  sinter  of 
this  particular  ore  obviously  depends  upon  the  high  sulphur 
content.  With  2%,  of  coal,  an  exceedingly  good  sinter  was  ob- 
tained with  sulphur  varying  in  samples,  from  a  nurriber  of  tests, 
between  0.04  and  0.08%.  Generally,  the  rule  is  that  the  less 
coal  is  used  the  more  complete  is  the  desulphurization.  On  the 
other  hand  with  more  coal  a  harder  and  denser  sinter  is  produced. 
Finally  the  reducing  effect  of  the  coal  will  be  so  pronounced  as 
to  convert  the  ore  into  a  hard  glazed  mass  with  an  appreciable 
content  of  metallic  iron.  For  magnetic  concentrate  2  to  4%  of 
coal  are  generally  sufficient ;  for  pvrites  residues  6  to  8%  are  need- 
ed. 

After  a  charge  is  sintered  the  pan  is  rotated  on  its  trunnions 
and  the  sintered  cake  is  dumped  and  broken  by  falling  on  to 
bars.  The  pieces  continue  over  an  inclined  grizzley  directly 
to  railway  cars  and  are  shipped,  the  fines  passing  through  the 
grizzley  are  elevated  to  the  charging  floor  to  be  used  over  again 
as  "porous  bed".  Careful  regulation  of  the  coal  and  water  in 
the  mixture  gives  a  shipping  ore  with  less  than  10%  of  fines. 
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The  product  made  by  the  Greenawalt  process  is  coarsely 
cellular  and  porous  and  therefore  constitutes  a  material  that  is 
easily  reduced  in  the  blast  furnace.  In  its  general  appearance 
it  resembles  coke  and  the  slight  glazing  of  the  surface  of  the  cells, 
that  often  appears  when  a  product  strong  enough  for  shipping 
and  handling  is  obtained,  is  hardly  pronounced  enough  to  occasion 
adverse  comment. 

About  its  value  for  the  blast-furnace  there  is  only  one 
opinion.  It  is  beneficial.  Mr.  McKay  of  the  Pennsylvania 
Steel  Co.  has  stated^  that  with  f  of  sintered  Mayari  ore  in 
their  furnace  mixture,  a  reduction  of  5  to  8%  fuel  was  noted, 
the  general  furnace  conditions  were  improved  and  the  pig  iron 
tonnage  increased  approximately  b%,  as  compared  with  the  same 
furnace  operating  on  f  Mayari  nodules.  Occasionally,  as  much 
as  50%  of  sinter  has  been  used  in  their  furnace  burden. 

In  comparison  with  the  cost  of  either  a  briquetting  or  nodul- 
izing  plant  the  cost  of  the  Greenawalt  installation  is  low;  the 
relati\e  cost  per  ton  per  day  of  capacity  is: — 

Briquetting  plant S3o0 .  00 

Nodulizing  plant 300.00 

Greenawalt  plant 100.00 

♦ 

The  operating  cost  of  the  Greenawalt  process  is  remarkably 
low,  especially  if  the  plant  consists  of  more  than  one  furnace; 
a  plant  containing  5  pans,  each  of  a  rated  capacity  of  100  tons 
in  24  hours,  does  not  need  more  than  5  men  per  shift.  These 
men  are  distributed  as  follows: — two  are  on  the  mixing  floor, 
and  three  on  the  charging  floor.  Ten  to  twelve  minutes  is  ample 
time  to  discharge  a  pan,  reverse  it,  spread  the  bed,  charge  the 
ore  mixture  and  start  the  igniter.  As  each  charge  requires 
from  45  to  50  minutes  for  sintering,  the  men  have  ample  time 
in  which  to  prepare  the  four  other  pans  before  the  first  one  is 
ready  to  be  dumped.  The  whole  process  js  susceptible  of  being 
put  upon  a  manufacturing  basis  where  each  employee  has  definite 
duties  to  perform. 

'  Journal  of  the  Engineers'  Societ\  of  Penns\  Ivania,  Nov.  1012,  page 
354. 
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As  to  the  fuel  that  should  be  mixed  with  the  ore,  it  has  been 
found  that  as  good  results  are  obtained  with  anthracite  culm, 
or  screenings,  as  with  crushed  bituminous  coal,  coke  breeze, 
or  charcoal ;  the  fuel  which  is  the  cheapest  locally  may  be  selected. 
For  the  ignition,  crude  oil  or  fuel  oil  is  generally  used ;  half  a  gallon 
to  one  gallon  per  ton  of  ore  is  the  usual  amount  required.  When 
natural  gas  is  available  it  can  be  used  and  will  probably  be  found 
to  be  cheaper;  blast  furnace  gas  also  can  be  used,  but  special 
precaution  will  have  to  be  taken  to  get  the  right  flame.  The 
power  needed  for  the  process  is  very  little,  being  only  that  which 
is  needed  for  the  exhaust  fan  and  the  mixer.  In  the  plants 
which  have  now  been  in  operation  for  a  year's  time  the  upkeep 
cost  has  been  found  to  be  exceedingly  low.  So  far  the  total  cost 
of  sintering  has  not  exceeded  50  cents  per  ton  of  product. 


A  SKETCH   OF  THE   DEVELOPMENT  AND   PRESENT 

OPERATIONS  IN  THE  IRON  AND  STEEL  INDUSTRY 

OF  NOVA  SCOTIA. 

By  C.  L.  Cantley,  New  Glasgow,  N.S. 
{Annual  Meetuti::,  Ottaxva.  '9' 5) 

The  first  recorded  discovery  of  iron  ore  in  Nova  Scotia, 
was  made  by  DeMonts,  one  of  the  earliest  of  the  French  gover- 
nors of  Acadia,  in  the  year  1604.  The  discovery  in  question 
was  made  on  the  shore  of  St.  Mary's  Bay,  west  of  the  present 
town   of   Digby. 

In  the  next  two  hundred  years  of  intermittent  wars,  little 
is  heard  of  Nova  Scotia  that  is  not  directly  related  to  her  value 
as  a  pawn  in  the  conquest  of  America;  and  there  is  no  reference 
to  minerals  other  than  coal.  But  in  the -following  half-century, 
a  rapid  succession  of  discoveries  of  iron  ore  were  made  along  the 
northern  shore  of  the  No\a  Scotia  coast,  bordering  on  the  Bay  of 
Fundy,  about  the  shores  of  Minas  Basin,  and  in  what  is  now 
known  as  the  county  of  Pictou.  By  1880,  iron  ores  were  known 
to  occur  in  deposits  of  more  or  less  extent,  in  fifteen  of  the  eighteen 
counties  of  the  province.^  For  the  most  part,  these  deposits 
were  not  confined  to  any  one  geological  horizon,  but  occur  in 
formations  of  almost  every  age  except  those  of  the  gold-bearing 
series  of  the  southern  part  of  the  mainland.  Most  of  the  occur- 
rences were  of  very  little  commercial  importance.  The  valuable 
ores  have  been  roughly  classified  as: 

(a).  Bedded  ores  (commonly  hematites),  roughly  class- 
ified as  of  the  Clinton  type,  and  generally  considered  to  be 
of  Ordovincian  or  Silurian  age. 

(b).  Alteration  products  and  of  Devonian  age. 

(c).  Contact-replacement  deposits  of  lower  Carbonifer- 
ous age. 


'  Sec   Gilpin's   "Iron   Ores   of    .\o\a   Scotia."     1884. 
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Of  these  three  cliYisions,  the  first  is  the  most  important. 
The  ores  of  this  class  occur  in  the  strata  bordering  on  the  older 
rocks.  These  ores  occur  in  various  localities  in  eastern  Cape 
Breton,  and  have  been  mined  on  the  mainland  at  the  following 
places:  Clementsport,  Nictaux,  Torbrook,  Bridgeville,  and  Ari- 
saig.  They  include  all  the  red  ores  of  the  East  river  of  Pictou 
and  Antigonish  counties.  The  only  deposit  at  present  mined 
in  Nova  Scotia  belongs  to  this  group.  It  is  situated  at  Torbrook. 
in  Annapolis  county,  and  is  controlled  by  the  Canada  Iron  Cor- 
poration." From  this  mine  about  30,000  to  35,000  tons  are 
mined  annually,  and  exported,  the  shipping  point  being  Port 
Wade,  N.S. 

The  ores  classified  as  of  Devonian  age,  are  widespread, 
varied  in  character,  and  include  hematites,  ankerite,  and  limonite. 
They  are  found  in  isolated  spots  in  Cape  Breton,  to  the  west- 
ward through  Guysboro  and  Pictou  counties  into  Hants  and  Col- 
chester, north  and  south  of  Cobequid  Bay.  The  western 
development  in  the  latter  area  extends  far  into  Cumberland 
along  the  south  side  of  the  Cobequid  mountains.  The  type  in- 
cludes the  ores  of  the  Londonderry  range,  and  those  of  Milford 
Haven,  Guysboro  count}-.  From  the  latter  district,  255  tons 
of  iron  ore  were  shipped  to  Londonderry  in  the  year  1881;  and, 
in  the  following  year,  the  Crane  Iron  Company,  of  Philadelphia, 
mined  and  shipped  3,000  tons  from  Salmon  river  lakes,  twelve 
miles  to  the  west.  These  deposits  have  been  prospected  in  later 
years  by  both  the  Dominion  Iron  and  Steel  Company,  Limited, 
and  the  Nova  Scotia  Steel  and  Coal  Company,  Limited. 

The  third,  or  lower  Carboniferous  group,  includes  contact 
deposits  at  Brookfield,  the  brown  ores  of  the  East  river  of 
Pictou,  and  those  at  Robinson's  Cove,  Cape  Breton.  The  Brook- 
field  and  East  River  ores  have  been  mined,  the  latter  at  Bridge- 
ville. 

These  ores  are  believed  to  be  replacements  of  limestone  on 
the  contact  with  older  rocks  extending  to  only  moderate  depths. 
Deposits  of  this  type  are  pockety  in  nature,  and  while  possibly 
numerous,  none  contains  ore  in  large  quantity. 

-  For   details    of    Mining,  Concentrating   and    Shipping  Plant,  etc.,  sec 
Can.  Mng.  Jnl.,  \'ol.  33,  \o.  18,  p.  637-641." 
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The  following  table  shows  ihe  amount  of  iron  ore  mined  in 
Nova  Scotia,  per  annum,  since  1875: 

Tons  Tons 

1876 15,274  1895 83,792 

1877 18,879  189G 58,810 

1878 36,600  1897 23,400 

1879 29,889  1898 19,079 

1880 51,193  1899 28,000 

1881 39,943  1900 18,940 

1882 42,135  1901 18,619 

1883 52,410  1902 16,172 

1884 54,885  1903 40,335 

1885 48,129  1904 61,293 

1886 44,388  1905 84,952 

1887 43,532  1906 97,820 

1888 42,611  1907 89,839 

1889 54,161  1908.  .  ; 11,802 

1890 49,206  1909 12,000 

1891 53,649  1910 18,134 

1892 78,258  1911 38,227 

1893 102,201  1912 None. 

1894 89,379 

In  general,  it  may  be  said  that  the  iron  resources  of  Nova 
Scotia  have  proxed  disappointing  in  view  of  the  many  evidences 
of  widespread  existence  of  iron  oxide;  moreover,  with  one  possible 
exception,  no  deposit  of  the  extent,  or  containing  ore  of  the 
necessary  quality,  to  warrant  the  establishment  of,  or  to  sustain, 
a  modern  iron  and  steel  industry  has  yet  been  found  in  the  pro- 
vince. By  this  statement  it  is  not  intended  to  assert  that 
merchantable  ores  do  not  exist  or  that  such  as  are  known 
cannot  be  economically  mined.  Nor  would  the  writer  imply 
that  ore  cannot  be  mined  on  a  small  scale  and  sold  profitably 
in  the  markets  of  the  world. 
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Coalfields. 

In  the  following  brief  review  attention  is  restricted  ad\-isedlv 
to  a  consideration  of  those  coals  w-hich  have  proved  suitable  for 
metallurgical  purposes. 

Coal  occurs  in  three  widely  separated  districts  in  Nova 
Scotia,  known  as  the  Cape  Breton,  Pictou  and  Cumberland 
fields,  respectively  from  the  names  of  the  counties  in  which  the 
productive  measures  are  most  strikingly  developed. 

Cape  Breton, — The  first  printed  record  of  the  existence  of 
coal  in  Nova  Scotia  appears  in  Nicholas  Denys'  description  of 
Cape  Breton,  written  in  1672,  in  which  particular  reference  is 
made  to  the  "mountain  of  v^ery  good  coal  at  Bale  des  Espaynols," 
now  Sydney  harbor.  The  fact  that  the  presence  of  this  coal  had 
been  noticed  by  others  to  their  advantage  is  shown  by  an  ordin- 
ance issued  in  1677,  by  France,  stating  that  a  duty  of  twenty  sous 
per  ton  w^as  to  be  exacted  of  any  person  taking  coal  from  the  cliffs 
of  Cape  Breton.  It  is  known  that  in  1720,  coal  was  mined  at 
Sydney  and  Port  Morien,  to  supply  the  officers,  soldiers  and 
labourers  who  were  laying  the  foundations  of  the  celebrated  fort- 
ress at  Louisburg,  which  place  was  afterwards  (from  1745  to 
1749)  sjupplied  from  the  same  sources.  After  the  withdrawal 
of  the  French,  consequent  upon  the  fall  of  Louisburg,  coal  was 
mined  from  the  cliffs,  in  a  small  way,  and  exported  to  Martinique, 
Boston,  and  during  the  American  revolution,  to  Halifax.  But 
little  w'as  done  tow'ard  developing  a  permanent  coal  industry 
until  1825,  when  Messrs.  Rundall,  Bridge  and  Rundall,  of 
London,  organized  the  General  Mining  Association,  Limited, 
which  acquired,  for  a  period  of  sixty  years,  all  the  minerals,  known 
and  unknown,  in  Nova  Scotia,  except  those  previously  granted 
with  Crown  lands.  This  company  obtained  the  lease  upon  a 
royalty  basis  from  the  Duke  of  York,  who  had  received  it  by  the 
Royal  prerogative  of  George  IV.  This  lease  was  executed  in 
1826,  and  greatly  influenced,  not  only  the  coal  industry-,  but 
also  the  whole  mining  and  metallurgical  development  of  No\-a 
Scotia.  At  this  time,  the  two  best  known  seams  in  the  province, 
situated  at  Stellarton,  on  the  mainland,  and  Sydney  Mines, 
in  Cape  Breton,  respectiveh-,  were  leased  and  worked  by  other 
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concerns,  and  consequently  were  not  included  in  the  Duke  of 
York's  lease.  Fortunately  for  the  General  Mining  Association, 
Limited,  the  lease  of  the  Cape  Breton  areas  was  allowed  to 
lapse;  and,  in  January,  1827,  having  secured  possession  of  the 
Stellarton  mines,  the  company  made  a  special  agreement  with 
the  Provincial  Government  in  respect  of  royalties,  and  secured 
control  of  all  the  mines  and  minerals  belonging  to  the  Crown 
in  Nova  Scotia  and  Cape  Breton.  From  that  date  forward, 
coal-mining  has  been  carried  on  systematically  and  uninterrupt- 
edly at  both  Sydney  Mines  and  Stellarton. 

Pictoti. — Coal  was  first  discovered  on  the  mainland,  in 
Pictou  county,  in  1798.  Thenceforward  a  small  amount  of 
coal  was  mined  regularly,  although  there  is  no  accurate  record 
of  sales  prior  to  1815. 

It  is  known  that  one  John  MacKay,  a  collier,  obtained  a 
license  from  the  Government,  in  1807,  entitling  him  to  mine 
coal,  and  he  commenced  working  a  3-foot  seam  on  Squire 
MacKay's  farm,  within  the  present  town  of  Stellarton.  This 
shortly  proving  unprofitable,  a  further  search  resulted  in  the 
discovery  of  the  Big  Seam.  This  he  worked  on  the  west  side  of 
the  East  River,  and  lightered  coal  down  the  river  to  Pictou  for 
trans-shipment  to  Halifax.  A  slackening  in  the  demand  for  coal 
due  to  the  conclusion  of  the  war  of  1812,  played  serious  havoc 
with  this  market,  however,  and  MacKay  withdrew  with  financial 
loss.  For  the  next  few  years  the  same  areas  were  leased  to  Adam 
Carr,  and  Kdward  Mortimer,  and  upon  the  latter's  death  in 
1819,  were  transferred  to  George  Smith  and  Wm.  Liddle,  for  a 
rental  and  royalty.  In  1820,  both  these  properties  were  sublet 
to  Adam  Carr,  who  worked  them  on  a  more  extensive  scale 
until  1827,  when,  it  is  said,  dreading  competition  of  the  recently 
formed  General  Mining  Association,  he  sold  to  them  his  lease, 
presumably  at  a  low  figure.  The  General  Mining  Association 
immediately  look  possession,  commenced  active  development, 
and  before  the  end  of  the  year  were  producing  coal  on  an  extensive 
scale,  using  a  steam  engine  for  hoisting.  A"  great  deal  of  energy 
and  aliility,  as  well  as  capital,  was  expended  by  the  Company 
.n  exploiting  the  Pictou  and  Sydney  scams,  and  important  com- 
munities became  established  about  their  mines. 
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Cumberland  Field.— This,  the  most  westerly  coalfield  in 
Nova  Scotia,  consists  of  two  coal -producing  areas  known 
as  the  Joggins,  or  northern,  and  the  Springhill,  or  southern, 
area,  separated  by  about  fifteen  miles  of  intervening  country. 

While  coal  was  discovered  in  the  Cumberland  field  at  an 
early  date,  and  mined  spasmodically  by  the  local  residents, 
practically  no  mining  was  done  on  an  extensive  scale  until  a 
much  later  date  than  in  the  other  two  important  mining  fields. 
An  agitation  in  the  early  "forties",  headed  by  Abraham  Gesner, 
against  the  monopoly  enjoyed  by  the  General  Mining  Associa- 
tion, was  particularly  vigorous  in  this  part  of  the  province,  and 
caused  the  company  to  develop  that  field  at  a  time  when  they  were 
not  at  all  anxious  to  do  so.  Thus,  to  keep  up  appearances,  oper- 
ations were  commenced  at  Joggins  colliery  in  184G,  a  shaft  being 
sunk  and  a  water-level  driven  from  the  shore  in  the  Joggins  main 
seam. 

Such  coal  as  had  already  been  mined  from  this  field  for 
export,  had  been  marketed  largely  in  St.  John,  N.B.,  and  this, 
accordingly,  was  the  market  selected.  At  the  time,  it  happened 
however,  that  there  was  very  intense  competition  in  this  market 
from  English  coal,  which  was  carried  to  St.  John  as  ballast. 
Thus  the  Joggins  colliery  was  operated  with  very  little  success 
or  profit. 

After  1857,  when  the  General  Mining  Association's  interest 
in  this  field  was  restricted  to  some  four  square  miles,  little  was 
done  with  the  property,  and  it  was  sold  in  1871.  About  this 
time,  the  remaining  areas  of  the  district  were  acquired  and 
worked  intermittently.  In  1892,  some  of  the  more  important 
areas  were  secured  by  the  Canadian  Coal  and  Railway  Com- 
pany. 

The  Springhill  field  of  the  Cumberland  district  was  pros- 
pected from  time  to  time  in  early  years,  but  not  systematically 
until  1866,  when  discoveries  were  made  resulting,  some  seven 
years  later,  in  the  first  important  development  work.  At  this 
time  the  Cumberland  Coal  and  Railway  Company  drove  two 
slopes  and  built  a  railway  connecting  the  collieries  with  the  In- 
tercolonial Railway.  In  1879,  this  company  acquired  the  adjoin- 
ing areas  owned   by  the  General   Mining  Association,   as  well 
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as  several  contiguous  areas,  all  of  which  were  so  energetically 
developed  that  by  1885  the  Springhill  mines  had  become  the 
largest  coal  producers  in  the  province,  their  output  being  335,000 
tons  per  year. 

For  the  first  few  years  of  the  operations  of  the  General 
Mining  Association  in  Nova  Scotia,  public  opinion  was  favourable 
to  it:  but  after  the  company  had  become  firmly  established,  and 
appeared  to  be  earning  handsome  profits,  the  feeling  changed. 
From  1838,  numerous  complaints  were  made  to  the  Legislature 
of  Nova  Scotia,  regarding  the  monopoly  of  the  General  Mining 
Association,  and  pointed  references  were  made,  (more  particular- 
ly by  people  in  the  western  part  of  the  province,  under  the  leader- 
ship of  Gesner,)  to  the  fact  that  the  inhabitants  were  deprived 
of  any  advantages  arising  from  the  existence  of  minerals  in  the 
Province.  Gesner  also  pointed  out  that  the  inhabitants  along 
the  shore  of  Minas  Basin  and  Cumberland  could  be  economically 
supplied  with  fuel  from  the  Cumberland  coalfields,  but  were, 
unable  to  procure  any  because  of  the  General  Mining  Associa- 
tion. This  resulted  in  the  appointment,  in  1845,  of  a  committee 
of  the  Provincial  Legislature  to  investigate  the  subject.  In  their 
report  to  the  House,  the  Committee  recommended  that  the  Gen- 
eral Mining  Association's  operations  should  be  restricted  to  such 
territory  as  was  being  mined  or  undergoing  development. 

In  1849,  the  Crown  released  to  the  Government  of  Nova 
Scotia  all  its  interests  in  the  minerals  of  the  province,  and  the 
feeling  of  disappointment  caused  by  the  existing  condition  of 
affairs  was  again  aroused. 

By  1852,  public  opinion  led  to  a  resolution  being  passed 
authorizing  the  Governor-in-Council  to  open  negotiations  with 
the  General  Mining  Association  for  the  purpose  of  ascertaining 
upon  what  terms  they  would  agree  to  surrender  their  claims  to 
all  mines  except  those  they  were  working.  In  fact,  so  strong  did 
the  feeling  become  against  the  monopoly  in  coal  held  by  the 
General  Mining  Association,  that  two  members  of  the  Legisla- 
ture were  sent  to  London  to  interview  the  officials  of  the  Asso- 
ciation, and  effect  a  settlement.  Finally  the  company,  in  1857, 
voluntarily  surrendered  their  claim  to  all  mines  and  minerals 
except    the    coal    within    certain    definite    areas.     These    areas 
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comprised  thirty-six  square  miles  in  Cape  Breton,  including 
thirty-two  square  miles  north  and  south  of  Sydney  harbor; 
four  square  miles  in  Pictou  count}-;  and  four  square  miles  both 
at  Joggins  and  Springhill,  making  eight  square  miles  in  all  in 
Cumberland  county.  The  General  Mining  Association  agreed 
also  to  pay,  upon  a  royalty  basis,  for  all  coal  extracted  after  that 
date. 

It  is  interesting  to  note  that  the  territory  reserved  by 
the  company  has  proved  to  contain  practically  all  the  areas  which 
have  since  been  successfully  developed,  and  which  now  form  the 
backbone  of  Nova  Scotia's  coal  industry.^ 

Other  Factors. 

It  may  be  asked  what  other  qualifications  Nova  Scotia 
possessed  to  fit  her  to  become  a  producer  of  iron  and  steel.  The 
answer  to  this  question  has  varied  from  time  to  time  with  the 
exigencies  of  commerce,  changing  markets,  development  of 
transportation,  and  fluctuations  in  tariff  legislation. 

During  the  earlier  years  of  the  last  century,  the  Province's 
position  was  ideal  for  the  purpose  of  the  commercial  exploitation 
of  America.  At  that  time  the  great  bulk  of  the  population  of 
this  country,  lived  on  or  near  navigable  waters,  and  ocean- 
shipping  be'ng  the  chief  method  of  handling  goods.  Nova  Scotia, 
centrally  located  as  to  an  extensive  market,  was  in  a  position  to 
advantageously  distribute  her  products  and  thus  had  at  that 
time  at  her  command,  market,  position,  and  considerable 
resources. 


^  For  analyses  of  coals  of  various  seams  In  each  district,  their  physical 
qualities,  coking  and  other  properties,  including  heat  values,  see  "An  In- 
vestigation of  the  Coals  of  Canada",  by  J.  R.  Porter  and  R.  J.  Durley 
(Mines  Branch,  Dept.  of  Mines,  Ottawa,  1911).  For  description  of  mining 
methods  employed,  plant,  equipment,  etc.,  at  the  various  collieries  of  the 
Province,  see  Nova  Scotia  Govt.  Mines  reports  and  "Report  on  Mining  and 
Metallurgical  Industries  of  Canada,"  1907,  Mines  Branch,  Dept.  of  Mines, 
Ottawa. 

For  details,  early  history,  geology,  etc.,  of  Sydney  field,  see  Brown's 
"Coal  Fields  and  Coal  Trade  of  the  Island  of  Cape  Breton",  1871.  For 
later  Geology  of  Sydney  Coal  Field,  see  "Sydney  Coal  Field  ",  Hugh  Fletcher, 
1894,  Trans.  X.  S.  Mng.  Society,  Vol.  Ill,  p.  112;  also  "Descriptive  note 
on  the  Svdnev  Coal  Field  to  accompanv  revised  edition  of  government  map 
of  Coalfield.  Sheets  Xos.  133,  134,  135'and  14.5,"  by  Hugh  Fletcher,  1900, 
Can.   Geological  Sur\-ey. 
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The  grants  of  Crown  lands  made  prior  to  1759  contain 
no  reservation  of  minerals.  This  would  have  the  effect  of 
reserving  only  the  royal  metals,  gold  and  silver— it  being  held 
that  they  go  with  the  land  only  by  special  mention.  From  the 
date  of  1809,  the  usual  reservations  expressed  in  grants  were 
gold,  silver,  copper,  lead,  coal,  lapis-lazuli,  and,  in  some  cases, 
precious  stones.  In  1809,  iron  ore  was  added  to  the  list  of 
reserved  metals.  After  the  passing  of  the  grant  to  the  Duke 
of  York,  in  1826,  the  Crown  land  grants  necessarily  reserved 
all  the  minerals  until  1858. 

Thus  it  will  be  seen  that  after  1825,  until  the  lease  of  the 
General  Mining  Association  had  been  cancelled,  it  was  the  only 
company  which  could  profitably  engage  in  the  iron  smelting, 
using  coal,  as  now  carried  on;  and  we  find  that  the  first 
pig  iron  was  manufactured  in  Nova  Scotia  by  companies  which 
were  producing  charcoal  pig-iron  from  ore  mined  on  old  grants, 
and  were  thus,  to  some  extent,  independent. 

Metallurcjical  Districts. 

As  stated,  the  coalfields  of  Nova  Scotia  occur  in  three 
groups,  known  as  the  Pictou,  Cumberland,  and  Cape  Breton 
districts.  The  Pictou  and  Cumberland  fields  divide  the  Main- 
land of  the  Province  into  central  and  western  portions,  respect- 
ively. Taken  in  conjunction  with  the  ore  deposits  and  transport- 
ation facilities,  these  districts  are  the  natural  smelting  centres 
of  the  province,  hence  the  metallurgical  districts  arc  identical 
with  those  of  the  coal  fields.  Briefly  their  early  history  is  as 
follows: — 

Western  Nova  Scotia. — The  manufacture  of  iron  has  been 
attempted  with  more  or  less  success  in  four  localities  in  western 
Nova  Scotia,  namely.  Moose  River,  Bloomfield,  Nictaux,  and 
Londonderry. 

Moose  River. — It  is  said  that  in  the  first  decade  of  the  last 
century,  smelting  of  local  ore  was  done  here  in  a  small  way  by 
means  of  a  Catalan  forge,  but  as  to  the  extent,  general  condition 
and  results  of  this  work,  there  is  no  information.  In  the  year 
1825,  however,  on  the  petition  of  one,  Moses  Shaw,  an  Act 
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passed  the  Provincial  Legislature  incorporating  the  Annapolis 
Iron  and  Mining  Company,  with  a  capital  of  ;£>  10,000,  divided 
into  100  shares  of  ^>100  each.  This  was  associated  with  an 
offer  by  the  Government  of  a  bounty  of  ^600  for  the  production 
of  seventy  tons  of  hollow  ware  in  four  years,  and  a  similar 
amount  for  the  same  quantity  of  bar  iron  made  from  pig  iron. 
A  plant  was  erected  at  Clementsport  consisting  of  a  furnace  stack 
35  ft.  high,  of  ft.  in  the  bosh,  with  three  blowing  cylinders 
operated  by  water  power;  forge  house,  ore  sheds  and  other 
accessories.  Clementsport  being  situated  eight  miles  from 
Annapolis,  twelve  from  Digby  and  fifty  from  St.  John,  N.B., 
was  considered  the  most  favourable  location  because  of  its  water- 
connection,  and  the  safe  anchorage  afforded. 

Mr.  Cyrus  Alger  was  the  first  superintendent.  It  is  said 
that  excellent  iron  was  produced,  both  in  pig  and  refined  bars, 
the  local  iron  ore  being  mixed  with  Nictaux  ore.  The  fur- 
nace w^as  in  blast,  however,  for  only  a  year  or  two,  political 
trouble  apparently  causing  the  cessation  of  operations.  Thirty- 
three  years  elapsed  before  work  was  resumed.  The  property 
then  passed  into  the  possession  of  the  Hon.  W.  H.  Mills,  of 
Bangor,  Maine,  who  was  associated  with  a  Mr.  Brown. 

In  1860  or  thereabouts,  the  old  plant  was  overhauled  and 
renovated,  and  active  operations  resumed.  Mr.  Brown  took 
charge  with  Mr.  Stephen  Goodall,  from  Londonderry,  as  super- 
intendent. The  former  died  in  1862,  and  work  again  ceased; 
this  time  not  to  be  resumed  until  1872,  when  about  600  tons  of 
ore,  obtained  from  one  of  the  local  mines  (the  Potter)  was  smelted 
and  the  yield  of  163  tons  of  pig  iron  shipped  to  Boston.  The 
fluxes  used  in  smelting  were  imported  from  St.  John,  N.B., 
and  the  fuel  was  charcoal  made  from  white  birch,  cut  locally. 
It  was  the  expressed  intention  of  the  owners  to  continue  smelting 
and  to  enlarge  the  works  during  the  following  year,  but  for  some 
reason  or  other,  the  furnace  was  in  operation  for  only  six  weeks. 
This  was  the  end;  the  plant  passed  into  new  hands,  and  no  fur- 
ther operations  were  attempted. 

2.  Bloomfield. — It  is  stated  that  in  the  year  1860,  a  blast 
furnace  was  put  in  operation  at  Bloomfield,  to  smelt  the  bog  ores 
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of  that  district,  and  it  is  said  to  have  been  in  blast  at  different 
times,  but  exact  information  is  lacking  on  this  point. 

3.  Nictaux  furnaces. — Concerning  these  furnaces,  little  in- 
formation is  available,  and  such  as  has  been  published  is  inac- 
curate. Two  furnaces  were  built  in  1857-8,  by  the  Acadia  Char- 
coal Iron  Company,  which  also  controlled  the  Londonderry 
industry.  Mr.  Stephen  Goodall  who  had  been  superintendent, 
or  assistant  superintendent,  at  Londonderry  was  sent  here  to 
take  practical  charge.  Limestone  was  imported  from  Port 
George,  two  miles  distant,  and  the  produce  of  the  furnaces 
exported  from  the  same  point.  It  is  estimated  that  about  6,000 
tons  of  pig  iron  were  produced.  No.  1  furnace  went  into  blast 
in  July,  1857;  No.  2,  in  September,  1858.  Both  were  worked 
irregularly,  being  blown  out  for  long  periods.  During  1859, 
the  greater  part  of  1860,  and  all  of  1862,  nothing  was  done  in 
either  furnace.  No.  2  finally  went  out  of  blast  in  July,  1861,  an] 
No.  1,  in  October,  1863.  It  has  been  reported  that  the  iron 
produced  contained  an  excessive  amount  of  phosphorous  due 
to  the  impurity  of  the  ores  smelted. 

4.  Londonderry. — The  existence  of  iron  ore,  here,  was 
definitely  determined  in  the  early  forties,  and  in  1849,  a  Com- 
pany was  formed  for  smelting  purposes.  Mr.  Charles  Archibald, 
of  England,  who  was  prominent  in  the  organization,  selected  the 
site  for  the  plant,  choosing  the  west  branch  of  the  Great  Village 
river,  immediately  at  the  ore  deposit  of  that  locality. 

Iron  ore  was  smelted  in  a  Catalan  forge,  metal  being  first 
produced  in  October,  1850.  A  smelting  furnace  was  then  erected, 
power  being  supplied  by  a  water-wheel,  and  later  by  a  steam 
plant.  This  furnace  was  continued  in  operation  for  about  twen- 
ty-five years,  with  occasional  periods  of  disuse.  The  fuel  used 
in  smelting  was  charcoal,  made  locally.  The  output  was  very 
small,  seven  or  eight  tons  of  pig  iron  a  day  being  considered 
very  satisfactory.  In  1860.  a  rolling  mill  was  built,  and  other 
accessories  added  from  time  to  time,  water-power  being  used  in 
all  cases.  All  stores,  machinery,  etc.,  were  brought  by  water 
to  Great  Village  and  then  teamed  up  to  the  Londonderry  furnace. 
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a  distance  of  some  five  or  six  miles.  Outgoing  shipments  of 
of  iron  were  similarly  transported,  since  the  branch  line  to  the 
Inter-Colonial  Railway  was  not  completed  until  1873. 

There  was  a  succession  of  managers  until  1857,  when  Mr. 
E.  A.  Jones,  an  Englishman  of  great  energy  and  ability,  was 
appointed.  He  retained  charge  for  eleven  years,  and  under  his 
management  the  works  attained  a  high  standard  of  efficiency. 
In  1862,  a  puddling  furnace  was  added  to  the  plant,  the  resulting 
bars  were  shipped  to  Sheffield,  England,  and  commanded  a  ready 
market.  In  1867,  a  wheel  foundry  was  built  and  car-wheels 
were  made  for  railway  requirements,  the  railway  then  being 
in  operation  from  Halifax  to  Truro,  Truro  to  Pictou,  and  Monc- 
ton  to  St.  John;  other  portions  being  under  consideration. 
The  ores  used  were  chiefly  those  found  in  the  immediate  vicinity 
of  the  furnace,  being  mined  at  Old  Mountain  and  in  East  Mines. 
The  latter  was  one  of  the  earliest  sources  of  supply.  They  were 
of  excellent  quality,  running  high  in  metallic  iron,  low  in  sul- 
phur and  phosphorous,  with  a  fair  percentage  of  manganese. 
At  times,  a  moderate  quantity  of  ore  from  Nictaux  in  Annapolis 
county  was  brought  over  and  used,  but  results  were  not  very 
satisfactory.  The  pig  iron  made  was  in  good  demand,  and, it  is 
said  that,  owing  to  its  superiority,  the  British  war  office,  upon 
the  recommendation  of  Sir  William  Fairbain  and  others,  used 
it  for  the  manufacture  of  ordnance  in  England. 

Smelting  and  other  work  went  on  with  more  or  less  success 
until  1874,  when  new  life  was  infused  into  the  industry  by  the 
formation,  in  England,  of  a  large  company,  called  the  Steel 
Company  of  Canada,  with  a  paid  up  capital  of  p6 500,000.  Up 
to  this  time  quite  a  number  of  changes  had  taken  place  in  the 
ownership  of  the  works,  the  original  Londonderry  Iron  Mining 
Company  having  been  succeeded  in  1852  by  the  Acadia  Iron 
Mines  which,  in  1855,  was  followed  by  the  Acadia  Iron  and  Steel 
Company. 

In  1857,  the  Acadia  Iron  Company  assumed  control, 
but  was  replaced,  in  1865,  by  the  Londonderry  Iron  and  Steel 
Company,  whose  interests  were  in  1868  assumed  by  the  Inter- 
colonial Iron  and  Steel  Company. 


322  Nov  A  Scotia  Steel  Industry — Cantley. 

During  the  regime  of  the  last  two  companies,  crucible  steel 
was  successfully  made.  Six  years  later,  in  1874,  when  the  Steel 
Company  of  Canada  took  charge,  the  Siemens  direct  process 
of  steel  making  was  introduced,  and  a  large  expenditure  incurred 
in  building  a  new  plant,  consisting  of  the  necessary  rotators, 
etc.  The  results,  however,  were  unsatisfactor>-,  and  the  new- 
process  having  proved  a  failure,  operations  in  this  direction 
were  abandoned. 

As  mentioned  above,  the  new  company  assumed  control 
in  1874,  and  its  plan  of  campaign  was  extensive  and  costl>-. 
Much  \igor  was  shown  in  the  initial  operation.  Skilled  engineers 
and  officials  were  appointed  and  the  ore  properties  of  the  company 
were  greatly  developed,  a  large  number  of  miners  being  brought 
out  from  Great  Britain  for  this  branch  of  the  work.  New  blast 
furnaces  were  built,  contracts  for  these,  and  other  parts  of  the 
new  plant,  being  placed  with  some  of  the  best  furnace  builders 
in  England.  New  blowing  engines,  boilers,  etc.,  of  the  most 
improved  pattern  were  installed.  The  fuel  to  be  used  in  these 
furnaces   was   coke. 

It  is  interesting  to  note  that  the  blast  furnaces  erected 
were  19  ft.  bosh  by  65  ft.  high,  and  equipped  with  Siemens- 
Cowper  &  Fords  patent  hot-blast  stoves,  the  latter  being,  it  is 
said,  the  first  set  of  firebrick  stoves  erected  on  the  continent  of 
North  America. 

About  this  time,  coke  was  obtained  from  the  Albion  mines 
at  Stellarton,  where  the  first  bcchixe  ovens  on  the  Mainland 
had  been  erected  in  1870.  Such  satisfactory  results  were  ob- 
tained from  its  use  in  the  old  charcoal  blast  furnace,  that  the  Com- 
pany undertook  to  obtain  coal  mines  and  manufacture  coke 
for  their  own  use.  They  purchased  properties  in  the  Joggins 
district,  some  sixty  miles  distant  b\-  rail,  known  as  the  Chignecto 
and  St.  George  coal  mines.  The  former  were  fully  develoiJed 
and  equipped  for  raising  400  tons  of  coal  per  day.  In  continua- 
tion of  this  policy,  a  large  number  of  coke-ovens — 67  in  all — were 
built  to  prepare  the  necessary  fuel.  No  satisfactory  results 
were  obtained  from  the  operation  of  these  mines  ;  the  coal  not 
being  suitable  for  the  manufacture  of  coke,  more  or  less  of  this 
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material  had  to  be  secured  from  Pictou  county,  whence  it  was 
obtained  from  time  to  time  until  the  end  of  operations  in  this 
field. 

Railways  and  tramways  were  laid  to  the  mines  and  to 
the  Intercolonial  Railway  Junction  at  Londonderry  Station, 
and  a  flourishing  village  sprang  up  in  the  immediate  vicinity 
of  the  works.  Mr.  B.  MacKay  was  the  first  manager,  but  after 
a  year  or  two  was  replaced  by  Mr.  George  J  am  me,  who  remained 
in  charge  for  several  years. 

In  spite  of  all  this  expenditure  of  energy  and  money,  success- 
ful results  were  not  achieved,  although  excellent  iron  was  pro- 
duced. There  were  several  reasons  for  failure,  of  which  apparent- 
ly the  most  important  was  unsatisfactory  market  conditions. 
The  price  on  best  iron  at  Philadelphia  for  the  years  1884- 
86  was  81.90  compared  with  S4.05  for  the  decade,  1860-70. 
Burdened  with  heavy  fixed  charges,  and,  in  addition,  excessive 
transportation  charges  both  in  the  assemblying  of  the  raw- 
material  and  in  the  distribution  of  the  finished  products,  and  a 
decline  in  prices,  the  Company  steadily  lost  money,  and  finally, 
in  1885,  was  forced  into  liquidation. 

In  a  paper  written  on  the  iron  and  steel  industry  in  1885, 
Londonderry  was  referred  to  as  the  site  of  the  most  important 
iron  works  in  the  Dominion,  and  the  failure  of  this  Company 
to  establish,  on  the  Great  Village  river,  an  iron  and  steel  industry 
similar  to  that  of  Great  Britain,  was  very  discouraging  to  those 
who  believed  that  a  promising  future  for  Nova  Scotia  lay  in 
this  direction.  There  was  nothing  to  be  done,  however,  but  to 
reorganize.  In  1887,  the  Londonderry  Iron  and  Mining  Company 
was  formed,  with  a  capital  of  one  million  dollars,  and  a  new  lease 
of  life  was  given  to  the  old  plant. 

Up  to  this  time,  the  works  had  produced  over  200,000  tons 
of  pig  iron,  all  smelted  from  local  ore,  42,000  tons  of  bar  iron  and 
forgings,  15,000  tons  of  nail  plate,  and  25,000  tons  of  wheels  and 
castings.  Working  expenses,  freight,  etc.,  amounted  to  six  and 
one  half  million  dollars. 

From  1887  to  1896,  business  flourished,  and  the  works  were 
in  continuous  operation.  A  pipe  foundry  was  built  in  the  former 
year,   and   its  output  went  on   the   market   in    1888.     Like  all 
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new  industries,  it  had  troubles  at  first,  but  overcame  them,  and 
this  branch  became  a  permanent  and  successful  feature  of  the 
plant. 

The  late  John  SutclifT  was  first  manager  of  the  new  com- 
pany. He  retired  in  1889,  and  was  succeeded  by  Major  R.  G. 
Leckie,  who  was  in  charge  until  1895,  when  he  resigned  in  favour 
of  C.  A.  Meissner,  now  of  the  United  States  Steel  Corporation. 

During  the  early  "nineties",  the  iron  business  throughout 
America  was  at  a  very  low  ebb  and  many  plants  were  closed. 
Londonderry,  like  others,  felt  the  effects  of  the  dull  market,  and 
low  prices.  Consequently,  in  1896,  when  the  furnaces  were 
blown  out  for  relining,  and  Canadian  tariff  conditions  appeared 
somewhat  unpromising,  the  smelting  operations  were  suspended. 
Market  conditions  becoming  worse,  in  1899  the  Company  went 
into  liquidation.  The  pipe  foundry,  however,  continued  oper- 
ations, and,  after  liquidation,  was  leased  to  Messrs.  Drummond, 
of  Montreal,  who  maintained  the  works  as  a  branch  of  the  Mon- 
treal Pipe  Foundry  Company.  It  continued  to  do  a  flourishing 
business  until  1902,  when  the  pipe  foundry,  general  foundry, 
pattern  shop,  rolling  mills,  and  other  buildings  in  that  section 
of  the  plant  were  burned  to  the  ground.  In  September  of  the 
same  year,  the  Drummonds  and  their  associates  bought  the 
iron  foundry  and  renovated  the  whole  plant  at  a  very  heavy 
expenditure.  This  included  remodeling  the  blast  furnace,  75  ft. 
high  by  15  ft.  bosh;  coke  ovens,  which  were  increased  to  97, 
with  a  capacity  of  150  tons  per  day;  erection  of  one  Robinson 
coal  washer,  capacity  300  tons  per  day,  ten  hours;  and  rebuilding 
the  pipe  and  general  foundry,  with  a  capacity  of  8000  tons  per 
year. 

The  iron  mines  were  reopened  and  at  the  close  of  1903, 
the  company  commenced  the  production  of  pig  iron,  but  smelting 
operations  were  maintained  for  five  years  only.  The  pipe 
foundry  has  been  in  steady  and  successful  operation  since  it  was 
rebuilt  in  1903.  In  1909-1910,  a  steel  foundry  was  built,  consist- 
ing of  a  5-ton  basic  open-hearth  steel  furnace,  using  oil  fuel, 
with  the  usual  accessories  of  annealing  ovens,  etc.,  housed  in  a 
brick  building.     This  foundry  has  been  idle  since  November, 
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1912.  Thus  the  pipe  foundry  is  the  only  active  industrial 
enterprise  remaining  in  this  once  active,  if  never  very  prosperous, 
field. 

From  1874,  the  Cumberland  district  supplied  coal  for  both 
general  heating  and  coking  purposes,  to  the  Londonderry  plant 
and,  until  1899,  to  the  Ferrona  furnace.  The  coal  production 
in  this  district  which  amounted  to  65,000  tons  in  1875,  had  by 
1900  increased  to  496,000  tons.  A  relatively  small  proportion 
of  this  coal  has  been  used  in  the  iron  and  steel  industry,  and  none 
of  it  is  being  used  today. 

Pictoii  County. — The  first  attempt  to  smelt  iron  in  Pictou 
county  was  made  by  the  General  Mining  Association  in  1828, 
the  year  after  the  Company  had  commenced  operations  in  this 
field.  Just  previously,  the  Rev.  Dr.  Macgregor  discovered 
iron  ore  near  McLellan's  Brook,  a  short  distance  from  the  com- 
pany's colliery.  Bands  of  iron  stone  were  also  discovered,  associ- 
ated with  coal  seams.  The  first  mentioned  ore  was  sent  to 
England  for  analysis,  and  a  fa\-ourable  report  having  been  made 
by  the  company's  chemists,  a  deeper  interest  was  aroused  in 
the  latent  possibilities  of  the  country.  In  any  event,  the  General 
Mining  Association  set  aside  ^6^1000  for  experimenting  with  iron 
smelting,  and  in  1829  made  an  attempt  to  manufacture  pig 
iron."* 

For  this  purpose  they  erected  at  Albion  Mines  a  blast  furnace 
said  to  be  forty  feet  high  by  eight  foot  bosh.  Whether  such  a 
furnace  was  built  specifically  for  iron  smelting  or  not  is  un- 
certain, as  it  has  been  claimed  that  an  ordinary  foundry  cupola 
was  used;  but  this  does  not  seem  probable.  The  furnace, 
however,  was  equipped  with  an  incline  to  handle  the  charge, 
and  iron  was  made  to  the  extent  of  about  fifty  tons.  The 
ruins  of  this  furnace  were  standing  until  the  year  1855.  The 
blast  was  obtained  from  the  foundry  engine,  although  a  larger 
engine  was  ordered  in  preparation  for  operating  on  a  more  extens- 
ive scale.  This  engine  arrived  some  time  later  and  was  probably 
never  used  for  the  purpose  intended,  although  its  steam  c\'linder 

"  Trans,  of  Mining  Society  of  Xova  Scotia,  \ol.  II,  p.  144,  1.51.      1893 
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was  used  about  the  colliery;  while  its  air  cylinder,  large  casting, 
and  other  parts,  lay  about  the  company's  yard  on  the  banks  of 
the  East  river  for  many  years  after. 

The  chief  difificulty  met  with  in  the  smelting  is  said  to  have 
been  that  of  inducing  the  metal  to  flow  from  the  furnace,  a  con- 
dition readily  believable,  if  the  contention  that  a  cupola  was  used 
be  true. 

Some  of  the  pig  iron  made  at  this  time  lay  about  the  colliery 
yards  for  many  years,  and  later,  a  number  of  the  large  pieces  were 
used  for  ballast.  Being  a  hard,  white  iron,  the  quality  of  pig 
was  not  considered  good  for  ordinary  purposes,  but  was  used 
with  success  in  the  manufacture  of  stamps  for  gold  milling  in 
later  years.  The  ore  used  in  producing  this  iron,  is  said  to  have 
been  the  clay  iron-stone,  already  referred  to,  and  a  mixture 
of  red  hematite,  mined  from  McLellan's  Brook  and  the  Big 
Blanchard  bed  and  a  brown  hematite  from  Eraser  (Saddler) 
Farm  at  Bridgeville.  Both  of  the  latter  ores  were  derived  from 
deposits  on  the  East  river.  It  is  from  the  ore  mined  in  the  last- 
named  district  that  over  sixty  years  later,  the  next,  and  (from 
the  historical  aspect  in  connection  with  this  subject)  probably 
the   most   important   enterprise  was  inaugurated. 

In  1872,  the  Hope  Iron  Works,  afterwards  the  Nova  Scotia 
Forge  Company,  commenced  operations  in  New  Glasgow,  with 
a  capital  of  S4,000  with  a  view  to  manufacturing  railway  and 
marine  forgings.  Six  years  later,  the  works  were  removed  to 
a  larger  site,  upon  the  banks  of  the  East  river,  two  miles  to 
the  north  of  New  Glasgow,  in  the  present  town  of  Trenton. 
As  the  enterprise  prospered,  the  principal  shareholders  of  the 
Company  decided  to  engage  in  the  manufacture  of  steel,  at  the 
same  time  organizing  for  this  purpose  a  new  company  called 
the  Nova  Scotia  Steel  Company,  with  a  capital  of  $160,000. 
The  plant  installed  consisted  of  one  15-ton  acid  lined  open- 
hearth  furnace;  one  2()-in.  cogging  mill,  and  one  16-in.  merchant 
bar  mill,  with  the  necessary  accessories  of.  heating  furnaces,  gas 
producers,   power  plant,   shops,   etc. 

The  first  steel  ingots  were  made  here  in  July,  1883,  being 
the  first  produced  in  Canada  on  a  commercial  basis.  Five  years 
later,  the  basic  opcn-hcarth  practice  was  introduced,  and  since 
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that  time  this  process  has  been  used  continuously,  and,  if  recent 
development  of  the  Duplex  process  be  excepted,  exclusively 
in  the  manufacture  of  steel  in  Nov^a  Scotia. 

It  is  stated  in  a  paper  written  in  1885,  that  the  Forge  Com- 
pany produced  more  forgings  than  any  shop  in  Canada. 

To  ensure  economy  in  working,  these  two  companies 
amalgamated  in  1889,  under  the  name  of  the  Nova  Scotia  Steel 
and  Forge  Company,  Limited.  The  problem  that  now  confront- 
ed the  Company  was  to  obtain  cheap  pig  iron,  all  of  which,  up 
to  that  date,  had  been  imported.  The  existence  of  iron  ores 
on  the  East  river,  of  Pictou,  already  mentioned,  was  not  forgotten 
and  their  occurrence  within  a  few  miles  of  the  Pictou  coal  fields, 
promised  a  solution  of  the  problem.  In  active  endeavour  to 
develop  these  natural  resources,  the  leading  shareholders,  in 
1890,  formed  the  New  Glasgow  Iron,  Coal  and  Railway  Com- 
pany, with  a  capital  of  SI, 000, 000.  This  Company  built  aline 
of  railway  from  Ferrona  Junction,  a  point  on  the  Intercolonial 
Railway  seven  miles  to  the  south  of  New  Glasgow,  to  Sunny 
Brae,  twelve  miles  farther  up  the  East  river  valley.  This  line 
rendered  accessible  various  ore  properties  at  Bridgeville  and 
Springville,  which  had  in  the  meantime  been  purchased  by  the 
Company.  Consulting  experts  were  retained  and  work  com- 
menced upon  the  iron  plant,  and  the  development  of  the  ore 
areas.  The  plant  installed  was  most  modern  in  every  respect,  and 
included  a  blast  furnace,  65  ft.  high  and  15  ft.  bosh,  equipped 
with  three  hot-blast  stoves  of  the  Massick  &  Cook  3-pass  type, 
and  the  usual  stock  sheds,  power  equipment,  etc.;  a  modern 
coal-washing  plant  of  a  daih-  capacity  of  300  tons,  and  54  Ber- 
nard retort  coke  ovens — a  modification  of  the  Coppee  oven. 
The  two  latter  formed  the  first  unit  of  its  kind  put  in  operation 
in  Canada,  and  probably  was  one  of  the  earliest  plants  at  which 
the  complete  operation  of  washing  impure  coal  and  coking  it 
for  blast  furnace  use  was  successfully  practiced  in  America. 

Two  years  after  the  formation  of  the  Company,  in  1892,  pig 
iron  was  produced.  Both  basic  and  foundry  pig  were  made,  the 
latter,  under  the  trade-name  of  "Ferrona",  won  and  maintained 
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a  high  reputation  during  the  life  of  this  plant,  which  went 
out  of  blast  on  June  1,  1904.  Only  sufficient  basic  iron  was 
made  to  supply  the  open-hearth  steel  furnaces  at  Trenton, 

The  ores  smelted  here  were  at  first  mined  solely  on  the 
East  river.  Later  a  certain  proportion  w^as  mined  by  the 
Company  at  Arasaig  and  Brookfield,  while  some  Torbrook  ore 
was  purchased.  Still  later,  a  large  proportion  came  from  Wabana, 
Newfoundland,  the  percentage  of  the  latter  ore  in  the  burden 
increasing  to  the  maximum. 

The  flux  used  at  both  Ferrona  and  the  steel  furnaces  at 
Trenton,  w^as  limestone  from  quarries  situated  at  Springvillc 
and  Black  Rock  on  the  East  river.  The  fuel  was  from  washed 
coal  coked  in  retort  coke  ovens,  supplemented  by  Drummondcoke, 
made  in  beehive  ovens,  twenty-five  of  which  were  built  in  1891  by 
the  Intercolonial  Coal  Company,  Westville.  The  latter  coke 
proved  to  be  of  a  very  satisfactory  quality  for  furnace  use, 
— probably  the  best  obtainable  in  the  province  from  unwashed 
coal, — although  its  ash  content  was  high,  averaging  as  it  did 
from  14%  to  18%.  The  coals  treated  In  the  washing  plant 
consisted  of  Albion,  Drummond  and  a  mixture  of  Drummond 
and  Springhill;  the  latter  mixture,  in  the  ratio  of  equal  parts, 
gave  a  specially  good  coke.  After  1897,  large  quantities  of  coals 
from  the  Sydney  field  were  used,  both  alone  and  in  mixture 
with    those    already    mentioned,    with    good    result. 

The  chief  difficulty  encountered  in  the  operation  of  the  Fer- 
rona furnace  was  that  of  obtaining  suitable  ore  and  every  effort 
was  made  to  discover  new  deposits.  To  this  end  the  Company's 
engineers  examined  properties  in  Nova  Scotia  and  elsewhere 
within  the  sphere  of  operations.  This  policy  resulted  in  the  Com- 
pany acquiring,  in  1894,  the  now  well  known  Wabana  iron  ore 
deposits'^  of  Bell  Island,  Newfoundland.  This  magnificent 
deposit  w^as  rapidly  developed  and  now  forms  the  chief  source 
of  ore  supply  for  the  furnaces  of  the  province.  Since  1895 
the  Scotia  Company  has  continuously  smelted  ore  from  this 
property — until  1904,  at  Ferrona,  and  since  then  at  Sydney  mines. 


•'  For  geology  ami  mining  methods  see  "A  Xewfoundland  Iron  Deposit." 
Chambers,  R.  E.,  Jnl.  Fed.  Can.  Mng.  Institute.  Vol.  I.,  p.  41,  1890.  And 
"The  Wabana  Iron  Mines  of  the  Nova  Scotia  Steel  and  Coal  Co.,  Ltd.,'' 
Can.  Mng.  Inst.     Vol.  XIV.,  1911. 
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Early  in  1895,  the  Nova  Scotia  Steel  and  Forge  Company 
and  the  New  Glasgow  Iron  Coal  and  Railway  Company  were 
consolidated  under  the  name  of  the  No\'a  Scotia  Steel  Compan\-. 
In  the  succeeding  few  >'ears,  a  great  deal  of  experimental  work 
was  undertaken  at  the  Ferrona  plant.  Ores  from  the  different 
Nova  Scotia  districts  had  already  been  tried  and  now  those  of 
Wabana  were  given  a  working  test.  So  successful  was  the  result 
that  the  percentage  of  this  ore  in  the  burden  was  increased  to 
one  hundred,  and  a  basic  iron  produced  from  which  steel  of  a 
very  good  quality  could  be  made.  The  various  coals  of  the  prov- 
ince were  also  experimented  with  and  complete  washing  and 
coking  tests  made  of  each,  and  of  different  mixtures,  the  worth 
of  the  resulting  cokes  obtained  being  proved  in  actual  furnace 
practice.  In  this  manner,  it  was  ascertained  that  from  Cape 
Breton  coal,  when  properly  washed,  coke  could  be  made  sufficient- 
ly low  in  sulphur  and  otherwise  suited  for  blast  furnace  use. 
This  very  important  fact  led  to  results  of  extreme  importance 
in  Nova  Scotia. 

The  Scotia  Company  had  from  time  to  time  added  to  its 
Trenton  plant,  and  had,  at  this  period,  at  its  command  all  the 
raw  material  accessory  to  the  steel  industry  except  coal.  It  was 
early  recognized  by  those  in  control  that  this  was  a  state  of  afTairs 
requiring  remedy  to  enable  the  Company  to  expand.  A  policy 
of  expansion  having  been  adopted,  it  was  decided  after  careful 
consideration  of  the  situation,  to  concentrate  the  smelting  depart- 
ments of  the  Company,  so  that  steel  could  be  produced  as  close  as 
possible  to  the  physical  centre  of  gravity  of  the  raw-material  to  be 
treated.  In  carrying  out  this  policy,  the  Company  decided, 
in  view  of  the  situation  of  their  chief  ore  deposits  in  Newfound- 
land, to  acquire  the  coal  mines  of  the  General  Mining  Association 
at  Sydney  Mines,  Cape  Breton,  and  establish  furnaces  at  that 
point.  In  1900,  after  protracted  negotiations,  the  purchase  of 
all  the  coal  areas  and  other  property  of  that  company  was 
consummated,  and  the  establishment  of  smelting  for  the  produc- 
tion of  steel  was  commenced. 

Upon  the  completion  of  the  new  metallurgical  plant  at 
Sydney  Mines,  in  1905,  the  open-hearth  steel  plant  situated  at 
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New  Glasgow  works  was  abandoned,  and  this  ended  iron  and  steel 
making  in  this  district. 

Another  development  within  this  territory  that  must  not 
be  overlooked  was  that  of  the  Pictou  Charcoal  Iron  Company, 
which,  in  1892,  built  a  coke  blast  furnace,  fifty  feet  high  by 
eleven  foot  bosh,  at  Bridgeville,  to  smelt  East  river  ores.  Ore 
areas  were  acquired,  appliances  for  washing,  roasting  and 
screening  the  ore  installed,  and  beehive  kilns  erected,  both  at 
Bridgeville  and  Sunny  Brae,  for  the  manufacture  of  the  necessary 
charcoal  from  local  hardwood.  It  was  also  intended  to  make 
iron,  and  the  erection  of  two  puddling  furnaces,  a  steam  hammer 
and  an  18-in.  roll  train  was  contemplated.  But  very  little 
came  of  it.  Smelting  was  discontinued  in  1895,  after  28,175 
tons  of  ore  had  been  mined,  of  which  5,456  tons  were  smelted 
and  2,750  tons  of  pig  iron  produced.  The  mines  were  in  oper- 
ation for  some  years,  and  a  further  23,400  tons  of  ore  mined 
and  consigned  as  was  the  case  with  a  large  proportion  of  the 
earlier  production,  to  the  Ferrona  furnace. 

In  1899,  the  smelter  and  plant  wei-e  leased  to  the  Mineral 
Products  Company  of  New  York  and  Hillsboro,  N.B.,  for  the 
manufacture  of  ferro-manganese  from  the  lean  wad  ores  of 
Albert  county,  N.B.  These  ores  were  of  the  following  approx- 
imate composition : 

Moisture 19.90% 

Metallic  iron 19.95% 

Manganese 27 .  53% 

Silica 9-33% 

Phosphorous 14% 

On  account  of  the  high  moisture  content  and  leanness 
of  these  ores,  and  the  high  transportation  charge,  little  was  done 
except  in  an  experimental  direction,  and  early  in  the  present 
century  the  plant  was  scrapped. 

In  1873,  the  Ceneral  Mining  Association  sold  their  coal 
mines  at  Stcllarton;  but  mining  was  continued  by  their  success- 
ors and  others,  and  from  1874  onward  coal  was  sui^plicd  regularly 
from  this  district  to  Londonderry,  Ferrona  and  Trenton. 
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The  production  of  coal  in  Pictou  county  gradually  increased 
to  382,000  tons  in  the  year  1875,  reaching  538,000  tons  in  1900. 
To-day  the  only  coal  supplied  from  this  field  to  the  iron  and  steel 
industry  is  that  used  at  the  Trenton  plant  of  the  Nova  Scotia 
Steel  and  Coal  Company,  amounting  to  65,000  tons  per  annum. 
About  7,000  tons  of  Drummond  coke  a  year  is  used  in  the  blast 
furnace  of  the  same  company  at  Sydney  Mines,  C.B. 

Although  smelting  was  not  carried  on  for  so  long  a  period 
in  Pictou  county  as  in  the  western  part  of  the  province,  nor  to 
the  same  extent  as  in  Cape  Breton,  still,  it  was  due  to  the  exper- 
ience gained  in  it  and  the  experimenting  there  carried  on  that 
the  present  development  in  the  latter  district  is  largely  due. 

Meanwhile  before  considering  the  Cape  Breton  field,  it  is 
proposed  to  review  the  New  Glasgow  plant  of  the  Nova  Scotia 
Steel  and  Coal  Company  as  it  exists  to-day.  In  1900,  after 
purchasing  the  coal  and  other  properties  of  the  General  Mining 
Association,  in  Cape  Breton,  the  Nova  Scotia  Steel  Company  was 
again  reorganized  and  assumed  the  present  name  of  the  Nova 
Scotia  Steel  and  Coal  Company,  Limited.  From  time  to  time  ad- 
ditions have  been  made  to  the  New  Glasgow  plant,  which 
now  consists  of: 

Cogging  Mill. — One  28-in.  mill  of  Lamberton  design,  com- 
plete, with  live  rolls,  driven  by  a  33"  x  38"  double  reversing, 
non-condensing,  simple  steam  engine. 

Merchant  Mills. — One  18-in.  mill  with  2-set  finishing 
housing,  3-high;  one  9-in.  guide  mill,  3-high;  one  9-in.  guide 
mill  with  14"  roughing  train;  both  of  Belgian  type,  and  complete 
with  accessories,  driving  engines,  cooling  beds,  shears,  con- 
trolling electric  cranes,  continuous  heating  furnaces,  etc. 

Plate  Mill. — One  20-in.  3-high  plate  mill,  with  a  capacity 
for  rolling  plate  from  12-gauge  up  to  1"  thick,  48"  wide,  driven 
by  a  30"  x  48"  double-compound  engine. 

The  high  pressure  hydraulic  water  used  for  the  manipu- 
lating apparatus  of  the  larger  mills  is  supplied  by  an  electrically 
controlled  multicellular  centrifugal  pump,  driven  by  a  direct- 
connected  low-pressure  turbine.  Steam  from  the  mill  engines 
is  delivered  to  a  central  power  station  where  it  is  collected  in 
a  regenerator  and  passed  on  to  Adamson-Rateau  low-pressure 
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turbine  generator  sets.  Two  units  of  these,  of  500  K.W.  each, 
produce  the  current  operating  the  various  cranes  and  electrical 
machines  throughout  the  plant. 

The  steel  rolled  in  the  abov^e  mills  comes  from  the  Com- 
pany's furnaces  at  Sydney  Mines  in  the  form  of  ingots.  These 
ingots,  after  reheating  in  modern  continuous  heating  furnaces 
of  the  contra-flow  type,  are  cogged  down  in  the  slabbing-mill 
to  the  various  sized  billets  required,  and  sent  to  the  smaller  mills 
to  be  rolled  into  the  various  sized  products  required. 

The  above  mentioned  heating  furnaces  are  probably  the 
first  of  the  continuous  type  in  which  large  ingots  have  been 
satisfactorily  reheated  upon  a  commercial  basis. 

In  this  plant,  all  the  standard  merchant  bars,  fiats,  rounds, 
squares,  angles,  tees,  tram-rails  40-lb.  to  the  yard  and  under, 
as  well  as  very  numerous  agricultural  sections  are  rolled. 

In  addition,  the  Company  operates  a  finishing  department 
in  which  railway  track  material,  including  fish-plate,  tie-plate 
track  spikes,  nuts  and  bolts  of  the  various  standard  sizes  are 
produced.  A  bolt  and  nut  department  is  also  operated  producing 
all  the  standard  nuts,  rivets  and  bolts  of  the  more  common 
sizes,  and  a  cold-rolling  department  for  the  manufacture  of 
polished  shafting. 

An  important  branch  of  the  company's  work  is  the  produc- 
tion of  forgings,  and,  within  the  last  year,  the  old  shop,  equipped 
with  steam  hammers,  has  been  replaced  by  a  new  forge  plant, 
enabling  the  best  class  of  work  to  be  produced.  This  forge  con- 
sists of  two  steam  hydraulic  forging  presses,  with  all  accessories 
— manipulating  devices,  cranes,  heating  furnaces,  etc., — housed 
in  a  steel  brick  building,  250  ft.  long  by  50  ft.  wide.  One  of 
these  presses  is  of  4000-tons  capacity',  the  other  of  600-tons, 
and  both  are  strictly  modern  machines.  A  specialty  is  made  at 
this  plant  of  producing  high-grade  marine  and  engineering 
forgings,  up  to  twenty-five  tons  in  weight,  from  fluid  compressed 
steel  made  at  the  Company's  plant  in  Cape  Breton.  The  com- 
pany also  operates  an  axle  forge  in  which  standard  railway 
car  and  locomotive  axles  of  various  sizes  are  forged  and  rough- 
turned.  Axles  are  here  manufactured  at  the  rate  of  over  five 
thousand  per  month.     In  conjunction  with   the  mills  and  the 
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forge,  there  are  two  large  machine  shops;  one  housed  in  the 
extension  to  the  new  forge  building,  equipped  especially  for 
turning  up  rough  forgings  and  finishing  the  heavier  classes  of 
work,  while  the  other  is  used  for  the  lighter  work. 

The  plant  as  already  mentioned,  is  situated  upon  the 
banks  of  the  East  river,  and  will  be  upon  tide-water,  navigable 
for  6000-ton  ships,  on  the  completion  of  the  river-improvements 
now  in  progress.  The  buildings  of  the  plant  cover  an  area  of 
ten  acres,  and  employment  is  given  to  over  one  thousand  men. 
There  is  no  other  industrial  undertaking  of  this  character  on  the 
mainland  of  Nova  Scotia. 

Cafe  Breton. 

There  remains  to  be  described  what  is  today  the  most 
important  iron  and  steel  district  of  the  province,  namely 
that  situated  about  the  shores  of  Sydney  harbour,  and  on  one  of 
its  adjacent  headlands. 

In  the  year  1900,  the  Nova  Scotia  Steel  and  Coal  Company 
acquired  the  property  of  the  General  Mining  Association  in  Cape 
Breton.  This  act  marked  the  final  withdrawal  of  the  latter 
company  from  the  province  of  Nova  Scotia,  in  the  mining  annals 
of  which  it  has  played  so  active  and  important  a  part.  At 
the  time  of  the  transfer,  Sydney  Mines  was  the  chief  centre  of 
the  General  Mining  Association's  mining  operations  in  this 
field,  and  upon  that  small  peninsula,  known  as  Cranberry  Head, 
immediately  to  the  north  of  the  mouth  of  Sydney  harbour.  Here 
the  well  known  Princess  Pit  was  situated  and  close  to  its  screens 
was  built  in  the  year  1901  the  first  unit  of  the  steel  works  since 
erected  at  Sydney  Mines.  This  consisted  of  a  coal-washing 
plant  of  the  jig  type,  with  a  capacity  of  1000  tons  per  24  hours, 
and  a  battery  of  thirty  Bauer  retort  coke  ovens,  which  were 
completed  and  put  in  operation  in  1902,  and  have  been  in  active 
service  ever  since. ^  The  coke  made  for  the  first  two  years, 
was  shipped  by  rail  to  the  Company's  furnace  at  Ferrona. 

In  1903,  120  additional  coke  ovens  of  the  Bernard  type, 
similar  to  those  at  Ferrona,  were  under  construction,  at  a  new 


^  For  detailed  description  of  coal-washing  and  coking  plants  and 
practice,  see  paper  bv  author  in  Trans,  of  Can.  Soc.  of  Civil  Engineers,  Vol. 
XXII,  p.  398-424,   1908. 


334  Nova  Scotia  Steel  Industry — Cantley. 

site  situated  one-half  mile  to  the  northwest,  where  power  house, 
blast  furnace  and  open-hearth  steel  plants  were  also  being  built. 
The  power  house  was  designed  to  be  operated  in  conjunction 
with  the  coke  ovens,  and  consists  of  steam-driven  generator 
sets  supplied  with  steam  from  a  boiler  plant  fired  by  the  surplus 
gas  from  the  coke  ovens.  Current  from  this  plant  actuates 
the  various  motors  and  cranes  at  different  collieries  and  furnaces 
of  the  Company.  The  blast  furnace  plant,  designed  by  Frank 
C.  Roberts  &  Company,  consists  of  a  stack,  85  ft.  high  by  18 
ft.  bosh,  with  four  Roberts'  stoves,  and  all  accessory  blowing 
engine  stock  bins,  pig  casting  machine  and  breaker,  etc.,  con- 
stituting a  modern  installation,  having  a  capacity  of  250  tons 
per  day.  In  September,  1904,  the  second  unit  of  coke  ovens 
being  completed,  the  first  cast  was  made  from  the  blast  furnace, 
which  has  been  in  active  operation  ever  since.  The  blast 
furnace  produces  basic  pig  iron  for  the  main  part  from  Wabana 
iron  ore.  The  steel  plant  consists  of  three  45-ton  open-hearth 
furnaces,  designed  by  Wellman-Seaver-Morgan  Company,  and 
a  Wellman  200-ton  tilting  mixer,  for  storing  liquid  pig  metal; 
housed  in  a  steel  building  and  equipped  with  two  75-ton  electric 
cranes  and  one  Wellman  charging  machine. 

The  gas  for  the  furnaces  is  obtained  from  sixteen  Duff  gas 
producers. 

In  July,  1905,  the  steel  plant  was  put  in  actual  service, 
and  since  that  date  continuous  shipments  of  ordinary  ingots, 
flask  ingots,  and,  later,  fluid  compressed  ingots  for  forging  pur- 
poses have  been  made  therefrom  to  the  Company's  New  Glasgow 
works  for  further  treatment. 

The  chief  additions  since  made  were  in  1912,  when  the 
open-hearth  department  was  equipped  with  an  Alliance  75-ton 
stripping  and  loading  crane  for  stripping  and  handling  ingots; 
and  a  Harmet  plant  for  "fluid  compressing"  steel.  This  process 
consists  in  submitting  the  ingot,  immediately  after  pouring, 
and  while  the  metal  is  still  plastic,  to  intense  compression 
from  all  sides  in  a  conical  mold  during  the  cooling  period,  the  aim 
being   to   prevent   the   formation   of   pipe,    blow   holes,    undue 
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segregation  or  internal  strains;  in  short,  to  render  the  metal  homo- 
geneous/ This  is  accomplished  in  mammoth  Harmet  presses,  two 
of  which  were  installed, — one  a  1200-ton  group-press  for  treat- 
ing four  ingots  of  from  2|  to  5  tons  in  weight,  at  a  time,  and  the 
other  a  4000-ton  press  capable  of  treating  larger  ingots  up  to 
twenty-five  tons  in  weight.  Fluid-compressed  steel,  the  product 
of  this  plant  is  further  manufactured  at  the  Company's  hydraulic 
forging  plant, ^  at  New  Glasgow,  and  is  especially  adapted  for 
producing  forgings  of  the  highest  degree  of  reliability  because  of 
the  physical  and  chemical  homogeneity  of  the  metal.  This  steel 
plant  is  situated  three  miles  distant  from  North  Sydney,  where 
the  Company's  shipping  piers  are  situated,  and  with  which  it  is 
connected  by  a  standard-gauge  railroad,  owned  and  operated 
by  the  Company. 

At  North  Sydney,  the  incoming  ore  is  handled  at  the  Com- 
pany's ore  discharging  pier,  situated  close  to  the  coal  shipping 
piers.  The  ore  pier  is  equipped  with  two  steam  unloading 
gantry  cranes,  capable  of  discharging  3000  tons  per  day  from  the 
ship's  hold,  and  depositing  the  ore  either  into  hopper  cars  or 
upon  a  storage  ground  on  the  opposite  side  of  the  pier,  within 
reach  of  the  crane  grab. 

Coal  from  Sydney  mines  was  first  used  in  iron  smelting 
in  1900,  when  shipments  were  commenced  to  Ferrona.  At  this 
time  the  annual  production  of  coal  at  Sydney  Mines  was  250,000 
tons.  This  tonnage  increased  to  840,000  tons  in  1912,  more 
than  one-third  being  used  in  the  manufacture  of  iron  and  steel. 
The  production  of  the  necessary  amount  of  coal  for  this  purpose, 
entails  the  employment  of  nine  hundred  men  about  the  collieries. 
The  number  of  men  engaged  directly  on  the  iron  and  steel  plant 
is  also  nine  hundred,  thus  making  a  total  of  eighteen  hundred 
engaged  in  this  industry  at  Sydney  Mines. 

At  Sydney. — The  earliest  development  in  iron  and  steel 
manufacturing  in  this  field,  however,  was  on  the  south  side  of 
Sydney  harbour. 

In  1893,  the  Dominion  Coal  Company  was  formed,  where- 
by control  was  secured,   under  one  management,  of  the  most 

^  The  reader  is  referred  to  articles  in  Cafiadiafi  Miniug  Jounial,  Sept. 
15  and  Oct.  15,  1913,  for  a  description  of  these  plants  and  processes. 
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important  active  collieries  and  coal  areas  of  the  Lingan  and 
Glace  Bay  sections  of  the  Sydney  coal  field.  The  Company  at 
once  commenced  to  energetically  develop  this  property,  and 
within  a  few  years  increased  the  outputs  from  this  district  several 
hundred  per  cent.^  One  of  the  chief  dif^culties  encountered 
was  the  disposal  of  slack  coal.  Prior  to  this  date,  a  large  per- 
centage of  the  fine  coal  mined  could  not  be  sold,  and,  as  its 
production  could  not  be  avoided,  a  very  material  cost  was  added 
to  the  marketable  coal.  For  years  the  fine  coal  was  wasted, 
but  the  Dominion  Coal  Company,  in  studying  the  problem, 
found,  in  one  of  the  large  gas  companies  of  Massachusetts,  a 
purchaser  for  the  product,  and  contracted  to  deliver  to  this  con- 
cern a  large  tonnage  annually  for  a  period  of  ten  years.  As  the 
output  of  the  collieries  increased,  however,  it  proved  necessary 
to  attack  this  problem  in  a  different  manner. 

Besides  the  difificulty  of  disposing  of  the  fine  coal,  a  further 
trouble  confronting  the  Cape  Breton  colliery  operator  was  the 
fact  that  he  could  not  dcli\'er  his  product  in  winter.  The 
markets  for  the  coal  were  the  Maritime  provinces  and  the  prov- 
ince of  Quebec,  and  during  the  winter  season  water  transport- 
ation to  trade  centres  was  not  practicable,  while  railway  rates 
were  prohibitive.  The  necessity  for  the  establishment  of  a  mar- 
ket near  at  hand  taking  coal  the  year  round  was  consequently 
very  pressing.  The  establishment  of  an  iron  and  steel  industry  in 
Sydney,  N.S.,  readily  suggested  itself  as  a  solution  of  the  problem, 
while  investigation  demonstrated  that  all  essential  conditions 
were  favourable.  Moreover,  the  satisfactory  results  achieved 
on  the  mainland  in  the  utilization  of  Wabana  iron  ore  and  em- 
ploying Sydney  coal  for  fuel,  weighed  considerably  in  these 
deliberations.  Accordingly,  some  of  the  larger  shareholders 
of  the  Dominion  Coal  Company,  under  the  leadership  of  the 
Hon.  H.  M.  Whitney,  undertook,  with  this  object  in  view,  the 
organization  of  a  company;  and  in  1899,  the  Dominion  Iron  and 
Steel  Company,  Limited,  was  formed,  with  an  authorized  capital 
of  $25,000,000  common  and  $5,000,000  preferred  stock. 

"  The  mines  and  properties  of  this  company  are  described  in  a  series  of 
articles  by  F.  W.  Gray  which  appeared  in  the  Canadian  Dlinin^  Journal  in 
1908.  These  have  since  been  re[)rinted  in  book  form  and  contain  a  great 
deal  of  very  interesting  matter  relatixc  to  the  geology  and  mining  acti\ities  in 
this  field. 
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The  site  selected  for  the  plantwas  on  the  south  side  of  Sydney 
harbour,  upon  land  presented  to  the  company  by  the  town  of 
Sydney,  and  within  the  city  limits.  The  original  installation 
of  the  Dominion  Iron  and  Steel  Company,  at  Sydney,  was  in- 
tended to  serve  all  the  operations,  from  the  discharge  of  ore  from 
ship  to  the  production  of  steel  blooms,  billets,  and  slabs  for  the 
market;  and  comprised  principally: 

Piers. — A  plant  consisting  of  both  high  and  low  level  piers 
for  handling  water  shipments.  The  latter  pier  was  equipped  with 
standard  gauge  tracks  and  four  moveable  steel  towers,  suitable 
for  lifting  or  lowering — now  almost  exclusively  used  for  loading 
finished  material  on  board  ships.  The  former,  about  1500  ft. 
long,  connecting  at  the  shore  end  with  the  track  system  on  the 
blast  furnace  charging  bins,  is  fitted  with  four  improved  Hoover 
&  Mason  unloading  machines  with  a  combined  capacity  for  lift- 
ing 600  to  1,000  tons  of  ore  per  hour  from  the  ship's  hold  and 
loading  it  into  hopper  cars. 

Coke  Ovens. —  Eight  batteries  Otto-Hofifman  by-product 
recovery  ovens,  400  in  all,  with  a  coal  washer  of  the  jig  type, 
and  a  suitable  equipment  of  condensers,  scrubbers,  etc.,  including 
a  holder  capable  of  storing  1,000,000  cubic  feet  of  gas,  and  com- 
plete apparatus  for  the  manufacture  of  ammonium  sulphate. 
There  was  also  equipment  for  the  production  of  sulphuric  acid 
for  the  same  purpose.^ 

Blastfurnaces. — Four  standard  Kennedy  type  stacks,  85ft. 
high  and  20  ft.  bosh,  each  with  four  Cowper-Kennedy  hot 
blast  stoves;  five  compound  blowing  engines,  having  an  indi- 
vidual capacity  of  35,000  cubic  feet  of  air  per  minute,  with  suit- 
able accessory  equipment,  including  power  and  pumping  plant, 
stock  bins,  pig  casting  machine,  and  large  storage  yards,  capable 
of  holding  500,000  tons.  The  latter  is  controlled  by  three 
Brown  bridge  cranes,  thus  enabling  ore  to  be  handled  to  and 
from  any  parts  of  the  yard  at  any  time.  The  output  of  each 
furnace  is  300  tons  per  day. 


^    A  description   of   the   coke  oven    plant  is  given  in  a  paper  by  C.  G. 
Atwater,  in  Trans.  A.I.M.E.,  Vol.  XXXIII,  1902,  p.  700. 
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Open  hearth  furnaces. — Ten  50-ton  Campbell  tilting  fur- 
naces, 32'  X  16'  hearths,  housed  in  a  steel  and  brick  building 
832'  X  65'  6"  with  a  lean-to  36'  6"  running  the  whole  length; 
and  equipped  with  two  75-ton  traveling  cranes  and  twoWellman- 
Seaver  charging  machines.  Gas  for  heating  is  supplied  by  Duff 
producers.  Kilns  for  calcining  dolomite  and  mills  for  grinding 
are  provided,  as  well  as  an  hydraulic  ingot  stripper. 

Blooming  Mill. — Double  reversing  engine  50"  x  60"  by 
Mackintosh  &  Hemphill,  driving  a  35"  two-high  mill  by  the  same 
makers;  hydraulic  and  steam  shears  with  suitable  tables,  etc.; 
four  4-hole  pit  furnaces,  commanded  by  two  20-ton  electric  over- 
head traveling  cranes;  the  accessory  plant  includes  hydraulic 
pumps,  power  plant  and  Duff  gas  producers.  With  the  addi- 
tion of  a  300-ton  mixer  (not  included  in  the  original  "layout"), 
and  foundries  and  shops  suitably  equipped  to  provide  for  the 
repair  and  maintenance  of  the  entire  plant,  the  works  at  Sydney 
were  carried  to  what  may  be  termed  the  first  stage  of  completion. 
Accessory  to  these  principal  works,  the  Dominion  Steel  Com- 
pany, soon  after  organization,  secured  by  purchase  from  the 
Nova  Scotia  Steel  Compan\  a  portion  of  the  Wabana  ore  deposits, 
complete  with  then  existing  equipment,  including  mining  plant 
and  facilities  for  shipment.  In  the  succeeding  few  years  opera- 
tions were  conducted  on  a  larger  scale,  and  the  output  was 
increased  from  300,000  to  500,000  tons  per  annum.  Exten- 
sive limestone  areas  were  also  acquired  at  Marble  Moun- 
tain on  the  Bras  d'Or  Lakes,  about  fifty  miles  from  Sydney, 
where  quarries  were  opened.  Both  the  ore  and  limestone  were 
shipped  by  water  to  Sydney.  Coa'  was  supplied  to  the  company 
upon  a  long  term  contract  with  the  Dominion  Coal  Company, 
at  a  low  price. 

In  1901-02,  the  works,  above  described,  were  practically 
completed,  the  first  steel  being  produced  in  December  of  the  for- 
mer year.  It  was  found,  however,  that  it  was  not  practicable 
to  market  the  output  in  Canada  in  the  forms  which  the  plant  was 
designed  to  supply,  i.  e.,  pig  iron  and  unfinished  steel  blooms, 
billets,  and  slabs.  For  a  time  the  surplus  was  sold  in  Britain  and 
the  United  States;  but  later  these  markets  were  closed  and  it 
became  necessary  to  make  additions  to  the  works  by  providing 
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mills  to  carry  the  steel  to  further  stages  of  manufacture.  The 
principal  additions  were  as  follows: 

Morgan  continuous  billet  mill. — Six  stands  16"  rolls  driven 
by  a  simple  engine  54"  x  66",  capable  of  rolling  400  tons 
of  5^"  blooms  into  billets  3",  2|"  and  if"  square  in  a  shift 
of  12  hours.  This  mill  is  placed  in  front  of  the  blooming  mill 
shear-table  and  the  blooms  pass  directly  from  one  mill  to  the 
other  without  shearing,  except  to  crop  the  ends,  and  without 
intermediate    heating. 

Morgan  continuous  wire  rod  mill. — Fourteen  stands  of  10" 
rolls  arranged  to  roll  round  wire  rods;  from  No.  5  wire 
gauge  to  I"  in  diameter,  two  stands  at  once,  from  1  f"  sq. 
billets,  fed  directly  from  a  gas  fired  heating  furnace.  The  rods 
are  coiled  on  automatic  reels  driven  from  a  counter  shaft,  belted 
to  the  main  drive,  which  derives  its  power  from  a  cross-com- 
pound engine  of  about  2500-h.p. 

Rail  Mill. — The  rail  mill  equipment  consists  of  two  stands, 
28"  three-high  roughing  and  intermediate,  and  one  stand  28" 
two-high  finishing  rolls.  Roughing  train,  equipped  with  a 
hydraulic  lifting  table;  intermediate  train  fitted  with  a  tilting 
table;  table  rollers,  hot  saw,  cambering  machine,  all  electrically 
driven;  a  40-ton  electric  traveling  crane  serving  the  mill  from 
end  to  end;  cooling  and  straightening  beds;  coal  fired  reheating 
furnace  for  occasional  use.  The  blooms  generally  come  directly 
from  the  blooming  mill  to  roughing  rolls,  without  intermediate 
heating.  The  output  of  finished  rails  from  this  mill  is  1000  tons 
per  day. 

The  original  installation  of  400  coke  ovens,  was  not  suffi- 
cient to  supply  the  coke  required,  hence,  two  batteries,  each  of 
50  ovens  of  the  same  type  as  those  already  in  use,  were  added. 

During  this  period  the  desirability  of  utilizing  some  process 
to  shorten  the  time  required  in  refining  and  to  eliminate  in  par- 
ticular a  portion  of  the  frequently  high  silicon  content  of  the 
pig  iron,  was  recognized  and  led  to  the  adoption  of  the  Duplex 
process.  Hence,  in  1907  two  acid-lined  15-ton  Bessemer  con- 
verters, with  the  necessary  equipment,  were  installed.  At  a 
later  date  basic  linings  were  used  and  a  portion  of  the  phosphorous 
content  of  the  pig  iron  was  also  eliminated. 
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The  first  coal  washer  provided  was  destroyed  by  fire  late 
in  1903  and  was  replaced  by  a  new  washer  of  a  different  type 
and  of  greater  capacity.  The  washer  is  housed  in  a  concrete 
steel  and  brick  structure  of  240'  x  112'.  It  is  provided  with  two 
breaker  towers,  one  at  either  end,  and  is  equipped  with  Campbell 
tables,  capable  of  washing  2400  tons  of  coal  per  day.^" 

The  equipment  at  this  date  may  be  regarded  as  representing 
the  second  stage  in  the  development  of  the  works  and  for  some 
time  there  were  no  additions  of  importance. 

In  1909,  however,  commenced  the  third  stage  of  develop- 
ment, when  very  important  extensions  were  undertaken,  most 
of  which  have  been  recently  completed.  These  additions 
include: 

A  new  electric  power  station,  in  which  the  exhaust  steam 
from  the  mill  engines  is  utilized  in  the  operation  of  Rateau  low 
pressure  turbines,  connected  with  A.C.  generators,  capable  of 
developing  upwards  of  4000-K.W.  and  furnishing  electric  power 
to  an  equipment  of  rotary  pumps,  which  have  taken  the  place 
of  the  steam  pumps  previously  serving  the  main  pumping  station. 
Four  batteries  of  Otto  Hoffman  coke  ovens,  or  120  in  all,  were 
erected  as  well  as  a  new  condensing  house,  (104  x  7G') ;  ammonia 
house,  (52'  x  46'),  and  storage  building  (96'  x  78').  These 
buildings  arc  all  of  standard  brick  and  steel  construction. 

A  new  sulphuric  acid  plant  was  erected  on  the  most  modern 
lines  to  furnish  the  increased  requirements  of  acid  for  the  manufac- 
ture of  ammonium  sulphate. 

A  semi-continuous  Morgan  bar  mill,  was  purchased.  The 
equipment  includes  six  stands  of  continuous  12"  roughing  rolls, 
driven  by  a  36"  x  48"  Robb  engine;  and  a  Belgian  train  of  three 
pairs  of  9^"^  and  lOj"  finishing  rolls,  driven  by  a  24"  x  48" 
double  Robb  engine,  gas-fired  heating  furnace.  This  mill  is 
designed  to  roll  both  rods  and  merchant  bars. 

Two  additional  blast  furnaces  similar  in  all  essentials  to 
those  already  in  use,  are  provided  and  will  be  known  as  No.  7 
and  No.  8  respectively.  No.  8  was  blown  in  on  the  14th  Septem- 
ber, 1912,  and  No.  7  is  expected  to  be  ready  early  in  May  of  the 


'"  For  description,  etc.,    of  Campl)cll   table  and   wash   plant    installed. 
see  an  article  by  A.  P.  Scott.     Can.  Mining  Journal,  May  Vi,  1907. 
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present  year.  There  are  also  two  large  open  hearth  furnaces  or 
mixers,  each  capable  of  treating  500  tons  of  metal  in  24  hours. 
One  of  the  furnaces  was  put  in  operation  on  January  1st,  1913, 
while  the  second  is  practically  completed.  These  furnaces 
take  molten  pig  iron  direct  from  the  blast  furnaces,  delivering 
to  the  Bessemer  vessels  or  direct  to  the  50-ton  open-hearth 
furnaces  after  the  metal  has  been  partially  refined  and  brought 
to  a  practically  uniform  grade  with  respect  to  silicon,  sulphur 
and  phosphorous. 

The  most  important  item,  perhaps,  in  this  latest  programme 
of  extension  is  the  erection  of  a  complete  series  of  mills  for  con- 
version of  wire  rods  into  wire  fencing,  wire  nails  and  other  finished 
wire  products.  There  are  facilities  for  annealing,  coating  and 
galvanizing,  as  well  as  shops  for  turning  out  kegs  and  other 
packages.  The  first  wire  nails  were  made  in  June,  1912,  when 
the  Company  thus  actually  entered  the  field  as  manufacturers 
of  finely  finished  products. 

The  Company,  during  the  period  under  review,  also  acquired 
large  limestone  deposits  in  Newfoundland,  situated  at  Port  au 
Port,  Bay  St.  George.  These  deposits  are  now  being  actively 
developed,  and  will,  it  is  anticipated,  be  productive  during  the 
coming  summer,  supplying  in  future  the  Company's  requirements 
in  respect  of  limestone. 

Subsidiary  enterprises  for  the  utilization  of  the  by-products 
of  the  Dominion  Iron  and  Steel  Company  include  the  following: 

The  Dominion  Tar  and  Chemical  Company,  Limited,  receive 
and  distill  all  the  tar  made  at  the  coke  ovens,  amounting,  in 
1912,  to  over  5,000,000  gallons.  The  chief  derivatives  are  creo- 
sote and  other  oils,  carbonic  acid,  and  pitch  for  roofing,  paving, 
and  for  a  binder  in  briquettes. 

The  Sydney  Cement  Company,  Limited,  produce  large  quan- 
tities of  cement  from  blast  furnace  slag,  which  is  also  used  by 
the  Sydney  Pressed  Brick  Company,  as  the  basis  and  principal 
ingredient  in  the  manufacture  of  brick. 

The  Cross  Fertilizer  Company,  Limited,  convert  a  consider- 
able tonnage  of  slag  from  the  converters  into  basic  phosphate 
powder. 
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When  the  Dominion  Coal  Company  was  formed  in  1893, 
the  annual  production  of  coal  in  the  Glace  Bay  and  Lingan 
section  of  the  Sydney  field  was  950,000  tons.  Under  the  new 
management,  production  increased  rapidly,  and  in  1912,  repre- 
sented 4,500,000  tons. 

Coal  from  this  district  was  first  utilized  in  the  manufacture 
of  iron  in  Nova  Scotia  in  1897,  when  shipments  at  the  rate  of 
about  25,000  tons  per  annum  were  commenced  to  Ferrona, 
Pictou  county.  These  shipments  were  continued  until  1900, 
since  which  date,  coal  has  been  supplied  almost  exclusively 
from  this  district  to  the  Dominion  Steel  Company's  plant. 
In  1912,  1,160,000  tons  were  thus  utilized.  It  is  estimated 
that  in  the  production  of  this  coal  2,500  men  are  employed; 
while  over  3,000  men  are  directly  engaged  in  connection  with  the 
operation  of  the  furnaces  and  mills  at  Sydney. 

It  is  interesting,  in  concluding  the  description  of  resources 
and  equipment,  to  note  that  every  vital  requirement  for  the 
production  and  distribution  of  finished  steel  products  is  within 
the  control  of  the  Dominion  Iron  and  Steel  Company  and  of  the 
Nova  Scotia  Steel  and  Coal  Company. 

They  mine  ore  and  coal,  quarry  the  limestone,  and  carry  the 
metal  in  its  process  of  manufacture  from  stage  to  stage  to  that 
of  the  finished  article;  in  many  cases  they  deliver  to  the  buyer 
in  packages  manufactured  by  themselves,  even  the  lumber  for 
which  is  obtained  from  their  own  timber  limits. 

Metallurgical  Practice. 

The  ore  smelted  in  making  pig  iron  from  which  steel  is 
manufactured,  is  derixed  from  the  Wabana  mines  in  Conception 
Bay,  Newfoundland,  420  miles  distant  from  Sydney.  This  ore 
is  of  the  following  approximate  analysis: 

Metallic  Iron 52.86  % 

Silica 10.40  % 

Phosphorous 0 .  78  % 

Sulphur ...     0.026% 

Aluminium 3.8     % 

Lime 2.10  % 

Manganese 0 .  65  % 

Magnesia 0 .  46  % 
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The  ore  is  remarkable  for  its  uniformity,  both  physical  and 
chemical,  but  is  not  of  Bessemer  quality  by  reason  of  its  high 
phosphorous    content. 

The  fuel  used  is  coke,  which  is  made  from  locally  mined 
coal.  This  coal  is  of  the  soft,  or  bituminous  variety.  It  is 
characterized  by  its  high  proportion  of  combustible  matter,  low 
ash,  and  relatively  high  sulphur.  In  fact,  coal  from  some  seams 
is  too  high  in  sulphur  to  permit  of  its  use  for  the  manufacture 
of  metallurgical  coke.     An  approximate  analysis  is  as  follows: 

Volatile  and  Comb,  matter 36.8% 

Fixed  carbon 56 . 7% 

Ash 6.5% 

Sulphur 2.5% 

Moisture 3.5% 

Sulphur  in  the  organic  form  is  present  to  the  extent  of 
slightly  less  than  one-half  of  the  total  of  the  sulphur-content. 

In  practice,  the  coals  used  for  the  manufacture  of  coke  are 
frequently  more  impure  than  shown  in  the  above  analysis,  due  to 
the  fact  that  the  fine  coal  sent  to  the  washer  is  composed  largely 
of  undercuttings  cleaned  up  in  the  rooms  of  the  mine,  and  collected 
at  the  bank-head  screens,  which  commonly  contain  a  consider- 
able proportion  of  shale  and  other  impurities,  thus  increasing 
the  ash  to  as  much  as  fifteen  per  cent. 

The  coal  for  washing  treatment  is  in  every  case  crushed  to 
under  ^"  mesh  size,  then  sized  and  classified  in  washers  of  either 
the  jig  or  bumping-table  type,  yielding  a  purified  product  of  the 
following  approximate  analysis: 

Volatile  and  Comb,  matter 34.94% 

Fixed  carbon 60.71% 

Ash 4.33% 

Sulphur 1.45% 

This  washed  coal  is  coked  in  retort  coke  ovens,  those,  in 
the  case  of  the  Dominion  Company,  being  of  the  by-product 
type.  The  yield  obtained  is  from  sixty-five  to  seventy  per  cent, 
and  the  coke  is  of  about  the  following  compositions': 
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Volatile  and  Comb,  matter 2.30% 

Fixed  carbon 90 .  55% 

Ash 7.15% 

Sulphur 1.30% 

The  physical  quality  of  the  coke  is  very  fair,  although  in- 
clined to  be  soft  and  friable,  and  is  not  equal  in  strength  to  that 
of  the  best  of  the  Connellsville  cokes. 

The  limestone  flux  has  a  silica  content  varying  from  2|  per 
cent,  to  4^  per  cent.,  and  totals  from  ninety-five  to  ninety-seven 
and  a-half  per  cent,  in  combined  lime  and  magnesia  carbonates. 

The  blast  furnace  practice  is  determined  by  the  burden 
and  is  not  marked  by  any  unusual  features.  The  pig  iron  manu- 
factured for  the  production  of  steel  contains  approximately: 

Silicon 1.0     %  to  1 .50% 

Phosphorous 1 .  45  %  to  1 .  80% 

Sulphur 0.015%  to  0.03% 

The  invariable  practice  is  to  cast  the  molten  pig  into  truck- 
ladles  and  convey  these  to  the  hot-metal  mixer  situated  near  the 
steel  plant.  This  method  has  the  advantage  of  ensuring  to  the 
steel  furnace  a  more  uniform  product,  besides  resulting  in  a  sav- 
ing of  heat.  From  time  to  time  as  required,  hot  metal  is  drawn 
from  the  mixer  and  added  to  the  open  hearth  furnace. 

The  open-hearth  treatment^'  is  that  of  the  ordinary  pig 
and  scrap  process,  except  that  when  the  latter  material  is  scarce, 
the  method  approaches  more  closely  the  molten  pig  and  ore 
process.  The  average  time  required  for  a  heat  of  fifty  tons 
is  ten  to  twelve  hours,  affording  a  total  of  eleven  to  thirteen 
heats  for  the  week  of  six  days,  the  furnace  being  in  disuse  on 
Sunday.  The  average  chemical  composition  of  the  steel  pro- 
duced averages  below  0.03%  in  sulphur  and  0.035%  in  phos- 
I'jhorous. 

The  metal,  except  in  the  case  of  certain  of  the  higher  car- 
bon heats,  is  generally  melted  dead  soft,  and  recarburised.     Pour- 


"  For  flcscription  of  plant  and  opcn-luarth  |irarticc  sec  Trans.  CM.!., 
\'ol.  X.,  p.  373,  1907.  Basic  opon-hcarth  manufacture  as  conducted  by  Dom- 
inion I.  &  S.  Co.,  at  Sydney,  C.B.,  by  I",  li.  Lathe. 
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ing  is  done  into  3  ^-ton  ingot  molds,  standing  upon  moveable 
bogies,  which,  when  filled,  are  hauled  away  to  the  ingot  stripper. 
In  the  case  of  the  Dominion  Company,  the  ingots  are  charged 
while  hot  into  soaking  pits,  situated  at  the  blooming-mill.  The 
physical  characteristic  of  the  steel  produced  is  considered  to  be 
exceptionally  good;  the  steel  being  constantly  supplied  to  meet 
all  the  standard  tests,  including  Lloyd's  specifications. 

As  has  already  been  noted,  the  phosphorous  content  in 
the  pig  iron  is  somewhat  higher  than  that  usually  met  with, 
but  not  sufificiently  so  to  warrant  the  adoption  of  the  basic 
Bessemer  process.  The  only  effect  of  the  higher  percentage  of 
phosphorous  being  a  lengthening  of  the  time  necessary  to  com- 
plete refining  in  the  open-hearth  process. 

When  the  Dominion  Company's  plant  was  built,  Campbell 
rolling  open-hearth  furnaces  were  selected,  and  it  is  probable 
that  one  of  the  reasons  for  this  choice  was  the  possibility  that  at 
some  future  time  some  one  of  the  various  methods  requiring 
one  or  more  decantings  of  the  slag  during  a  heat  might  be  adopted, 
whereby  the  metal  would  be  purified  more  rapidly. 

During  the  early  stages  of  this  Company's  operations, 
constant  attention  was  given  to  the  various  processes  employed 
in  Europe  and  the  United  States  for  accelerating  the  refining 
process  in  basic  open-hearth  furnaces.  And  presumably  various 
experiments  along  this  line  were  made,  but  without  success,  for 
nothing  of  this  sort  is  now  attempted  in  the  present  practice. 
This  problem,  however,  was  considered  too  important  to  disregard 
and  the  method  now  adopted  to  meet  the  irregularities  in  chemical 
composition  of  the  pig  treated  is  that  known  as  the  Duplex 
process.  As  introduced  in  1907  at  Sydne>',  this  process  consisted 
in  desiliconizing,  and  more  or  less  decarburizing  pig  iron  in  an 
acid  Bessemer  converter.  Since  that  date,  the  converters  have 
been  basic  lined  and  the  metal  is  now  dephosphorized  as  well. 

The  metal  as  it  comes  from  the  converter,  has,  under  good 
average  practice,  the  following  composition: 

Carbon 0.03% 

Phosphorous 0 .  07% 

Sulphur 0.05% 

Manganese None. 
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The  hot  metal,  after  this  treatment,  is  transferred  to  an 
open-hearth  furnace  in  which  complete  refining^^  takes  from 
two  hours  to  two  hours  and  fifteen  minutes  for  a  heat  of  fifty 
tons.  It  is  claimed  that  with  this  process  the  major  portion  of 
the  refining  is  done  in  the  Bessemer  converter,  and  the  open- 
hearth  function  is  reduced  to  that  of  an  equalizer  and  deoxidizer, 
with  a  material  increase  in  output  for  each  furnace.  Only  two  of 
the  ten  open-hearth  furnaces  at  Sydney  are  at  present  used  in 
conjunction  with  the  converter  in  working  the  Duplex  process. 

The  following  table  gives  the  outputs  of  the  active  companies 
of  the  province,  under  the  headings  of  the  various  classes  of  mater- 
ial produced,  for  the  year  1912: 

Ore  mined  at  Wabana 1,289,00.5  tons  (2240  lbs.) 

Ore  shipped  to  Sydney 853,982 

Foreign  ore  imported 43,445 

Ore  used 823,116      " 

Limestone  mined  and  used 558,920 

Dolomite  used 25,997      " 

Coal    mined    by    the    two    producing 

companies  in  Cape  Breton 5,354,797 

Coal  used  in  the  steel  industry 1,485,000      "             " 

Coke  made 612,994      " 

Coke  used 619,716      "             "      . 

Pig  iron  made 386,829 

Steel  ingots 426,211      " 

Steel  billets  for  market 48,942      "    (2000  lbs.) 

Steel  bars,  etc 67,284      " 

Steel  rails 175,478      " 

Steel  rods 58,459      " 

Steel  forgings 14,400      " 

Steel  wire  products,  nails,  etc 6,831 

A  study  of  these  figures  yields  the  following  interesting 
facts  and  shows  the  relative  importance  of  this  industry  to  the 
Dominion. 

The  annual  consumption  of  coal  in  this  industry  in  Nova 
Scotia  represents  about  25%  of  the  production  of   the   province 

(12)  Sec  article  ,"Thr  Duplex  Process  at  Sydney".  A.  P.  Scott,  Can. 
.Mining  Journal.  Vol.  XXXI 11,  p.  0.32. 
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and  over  10%  of  the  total  coal  mined  in  Canada;  while  the  coke 
produced  is  over  60%  of  the  total  amount  of  coke  made  in  Canada 
from  Canadian  coal. 

Annual   Production   of   Coal  and   Coke   in   Province   of 
Nova  Scotia*  and  Total  for  Canada  since  1874. 


Coal  Mined 


Nova 
Scotia. 


Canada. 


Coke  M.\de. 


Nova 
Scotia. 


Canada. 


1874. 
1875. 
1876. 
1877. 
1878. 
1879. 
1880. 
1881. 
1882. 
1883. 
1884. 
1885. 
1886. 
1887. 
1888. 
1889. 
1890. 
1891. 
1892. 
1893. 
1894. 
1895 . 
1896. 
1897. 
1898. 
1899. 
1900. 
1901. 
1902. 
1903. 
1904. 
1905. 
1906. 
1907. 
1908. 
1909. 
1910. 
1911. 
1912. 


977,446 
874,905 
794,803 
848,395 
863,681 
882,863 
,156,635 
,2.59,182 
,529,708 
,593,259 
,.556,010 
,514,470 
,682,924 
,858,.596 
,942,231 
,918,827 
,181,033 
,267,919 
,1.59,389 
,244,924 
,527,982 
225,145 
,508,570 
,405,554 
,563,180 
,148,822 
,623, ,536 
,1.58,068 
,161,316 
,6.53,338 
,.596,241 
,646,583 
,220,.505 
,.3.54,1.33 
,652,.539 
,652,089 
,431,142 
,004,420 
,291,440 


1,063 
1,039 
994 
1,036 
1,089 
1,126 
1,482 
1,537 
1,848 
1,818 
1 ,984 
1,920 
2,116 
2,429 
2,602 
2,6.58 
3,084 
3,577 
3,287 
3,783 
3,847 
3,478 
3,745 
3,786 
4,173 
4,923 
5,777 
6,486 
7,466 
7,960 
8,2.54 
8,667 
9,762 
10,511 
10,886 
10,.501 
12,909 
11,323 
14,699 


,742 
,974 
,762 
,670 
,744 
,497 
,714 
,106 
,148 
,684 
,959 
,977 
,6.53 
,330 
,.552 
,303 
,682 
,749 
,745 
,499 
,470 
,344 
,716 
,107 
,108 
,051 
,319 
,325 
,681 
,364 
,595 
,947 
,609 
,426 
,311 
,475 
,152 
,388 
,953 


1,223 

7,000 

12,420 

9,646 

13,125 

28,871 

26,731 

44,189 

40,085 

30,185 

34,764 

31,633 

32,788 

39,121 

40,412 

37,563 

60,500 

63,402 

65,602 

45,647 

64,615 

41,532 

48,400 

62,459 

61,767 

222,694 

363,330 

371,745 

275,927 

386,366 

476,364 

.524,110 

505,929 

493,184 

.508,025 

557,554 

625,998 


35,.396 

40,428 

45,373 

54,539 

56,450 

57,084 

56,135 

61,078 

58,044 

.53,-356 

49,619 

60,686 

87,600 

100,820 

157,1.34 

365,531 

502,043 

.561,318 

554,083 

700,488 

782,055 

842,003 

858,2.57 

871,727 

901,269 

935,651 

1,631,365 


The  production  of  pig  iron  is  approximately  40  per  cent, 
of  the  total  amount  manufactured  in  Canada. 
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Annual  Production  of  Pig  Iron  in  the  Province 
OF  Nova  Scotia  and  Total  in  Canada. 


Year 

Nova  Scotia 

Total  in 
Canada 

19,320 

17,556 

21,289 

18,382 

21,353 

40,049 

46,472 

41,344 

35,192 

32,251 

22,500 

21,627 

31,100 

28,133 

151,130 

237,244 

201,246 

1()4,4SS 

261,014 

315,008 

366,456 

352,642 

345,380 

350,287 

390,242 

429,994 

24,927 

21,799 

25,921 

21,772 

23,891 

42,443 

55,947 

49,867 

42,454 

67,268 

58,007 

77,015 

102,943 

96,575 

274,376 

357,902 

297,885 

303,454 

525,306 

598,411 

651,962 

630,835 

757,162 

800,797 

917,535 

1.014,587 

1887 
1888 
1889 
1890 
1891 
1892 
1893 
1894 
1895 
1896 
1897 
1898 
1899 
1900 
1901 
1902 
1903 
1904 
1905 
1906 
1907 
1908 
1909 
1910 
1911 
1912 


Annual  Production  of  Steel  in  the  Province  of 
Nova  Scotia  and  Total  in  Canada. 


Year 


1898. 
1899. 
1900. 
1901. 
1902. 
1903. 
1904. 
1905. 
1906. 
1907. 
1908. 
1909. 
1910. 
1911 . 
1912. 


Tons 

23,542 

24,035 

21,690 

25,679 

129,263 

183-063 

160,424 

220,826 

315,2.55 

371,446 

3B5,467 

396,(508 

413,835 

445,627 

467,763 


Tons 

24,125 

24,640 

26,40() 

39,214 

203,881 

203,296 

166,381 

451,863 

639,396 

706,982 

588,763 

754,719 

882,840 

885,775 

955,394 
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The  steel  made  in  1912,  amounting  to  467,763  tons,  repre- 
sents 49%  of  the  total  production  of  Canada. 

In  estimating  the  importance  of  the  iron  and  steel  industry 
to  the  province  of  Nova  Scotia,  the  iron  and  steel  produced, 
as  has  been  shown,  is  manufactured  largely  by  concerns  that  are 
also  engaged  in  the  mining  of  coal.  For  this  reason  a  differentia- 
tion between  the  two  industries  to  determine  the  relative  impor- 
tance and  value  of  each  to  the  community  is  somewhat  difficult. 

An  endeavour  in  this  direction  has  been  made,  however, 
by  the  segregation  of  capital  invested  and  of  expenditure  in  the 
following  table: 

Capital  Invested. 

Total  paid  up  capital  of  steel  companies  (approx.) .  .  $  88,000,000 
Proportion  of  capital  invested  in  steel  industry. .  .  .        50,000,000 

coal  "       ....       38,000,000 

Expenditures 

Wages  paid  by  combined  industries  during  year.  .  .        12,500,000 

Supplies,  etc.,  purchased  during  year 4,500,000 

Wages    paid   by   steel    industry   alone     (including 

Newfoundland  iron  mines) 7,325,000 

Wages  paid  by  coal  industry  alone 4,175,000 

Supplies  used  in  steel  industry   (including  New- 
foundland iron  mines) 3,400,000 

Supplies  used  in  coal  industry 1,100,100 

Deducting  the  expenditures  made  in  connection  with  the  opera- 
tion of  the  iron  mines  at  Wabana,  Newfoundland,  the  actual 
annual  disbursements  of  the  steel  industries  in  the  Province 
represent : 

Wages $6,350,000 

Supplies 2,800,000 

Freight  to  Canadian  railways 1,250,000 


$10,400,000 
The  companies, moreover,  employ  over  26,000  men,  of  which 
number   10,000   are  engaged   in   producing  and   manufacturing 
steel,   8,400  being  employed  in  Nova  Scotia,  while  5,000  are 
directly  engaged  at  the  steel  plants. 
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When  it  is  remembered  that  each  wage  earner  represents, 
on  the  average,  a  family  of  four  members,  it  follows  that  over 
30,000  persons  in  Nova  Scotia  are  directly  dependent  for  their 
means  of  livelihood  on  this  industry;  or,  including  the  associated 
industry  of  coal,  in  which  case  the  number  of  men  employed 
is  increased  to  26,000,  over  100,000  persons  resident  in  the  Prov- 
ince are  dependent  on  the  steel  industry.  In  other  words,  if, 
for  any  cause,  the  two  large  companies  discontinued  operations, 
one  out  of  every  five  persons  living  in  the  province  would  be  de- 
prived of  his  or  her  present  means  of  livelihood. 

In  conclusion,  the  author  wishes  to  acknowledge  his  indebt- 
edness to  those  writers  who  have  already  covered  somewhat 
similar  ground,  recourse  having  been  freely  made  to  all  accessible 
literature  and  data,  in  the  preparation  of  this  paper.  Further, 
to  Mr.  J.  P.  Edwards,  of  Londonderry,  he  is  particularly  indebted 
for  the  early  history  of  the  industry  in  the  western  part  of  the 
Province.  While  to  Mr.  C.  S.  Cameron,  Comptroller  of  the 
Dominion  Steel  Corporation,  he  owes  much  of  the  information 
given  relatix'e  to  that  Company. 


THE    IRON    RESOURCES   OF   THE    PROVINXE 
OF   QUEBEC. 

By  E.  DuLiEUX,  Montreal,  Que. 
[Annual  Meetiiio;.  Ottaxca,  igis) 

In  this  paper  the  writer  presents  the  results  of  investigations, 
made  during  two  summers,  in  the  various  districts  of  the  Province 
of  Quebec  in  which  deposits  of  iron  ore  are  known  to  occur. 
Most  of  these  deposits  have  been  personally  visited  by  the  writer, 
but  to  make  the  account  as  complete  as  is  possible,  supplementary 
or  additional  information  has  been  freely  taken  from  the  reports 
of  the  Geological  Survey  of  Canada  and  those  of  the  Quebec 
Bureau  of  Mines. 

Classification  of    the     Deposits. 

The  most  striking  feature  of  the  iron  ores  in  the  Province 
of  Quebec,  is  the  almost  universal  pre\alence  in  them  of  oxide 
of  titanium ;  in  fact  the  only  large  deposits  of  iron  ores  in  the  Prov- 
ince are  titaniferous.  In  the  vicinity  of  Ottawa  it  is  true  that 
there  are  several  occurrences  of  iron  ore  that  are  practically 
free  from  titanium ;  but  the  size  of  the  deposits,  and  their  economic 
possibilities  are  not  comparable  with  the  larger  deposits  found 
near  Baie  St.  Paul,  the  Saguenay  River,  and  in  Terrebonne 
county. 

Therefore,  with  respect  to  a  practical,  rather  than  a  minera- 
logical  or  geological  classification  of  the  ores  in  Quebec  the  follow- 
ing division  is  suggested;  but  it  must  be  tmderstood,  also,  that 
no  arbitrary  lines  exist  naturally  between  the  respective  sub-divis- 
ions. On  the  contrary,  there  is  a  gradation  from  pure  magnetite 
to  ilmenite,  which  in  correspondence  with  the  accepted  formula 
for  this  mineral,  may  contain  31.6  per  cent,  of  titanium.  The 
classification    proposed    is : — 

(1)  Iron  ores  free  from  titanium. 

(2)  Iron  ores  having  less  than  ¥^c  of  titanium. 
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(3)  Iron  ores  containing  more  than  4%  and  up  to  12% 
of  titanium,  ratio  of  Fe  to  Ti  varying  from  1:4  to  1:6. 

(4)  Ores  containing  iron  and  titanium,  the  latter  vary- 
ing from  18%  to  24%,  and  the  ratio  of  iron  to  titanium 
varying  from  1:1.6  to  1:2.6. 

The  ores  of  the  first  and  second  mentioned  classes  may  be 
regarded  as  true  iron  ores,  as  they  can  be  smelted  without  dififi- 
culty  in  the  blast  furnace  with  the  usual  fluxes.  Iron  masters, 
as  a  rule,  raise  no  serious  objection  to  the  presence  of  titanium  in 
the  ores  if  this  element  is  not  present  in  excess  of  4%.  The  ores 
of  the  fourth  class  can  not  be  considered  as  ores  of  iron,  but  as 
ores  of  titanium  which,  at  present,  are  valueless  to  the  iron  master, 
except  for  the  purpose  of  making  ferro-titanium,  an  alloy  which 
usually  has  from  15%  to  18%  of  titanium.  Such  ores  are  not 
smelted  in  coke  furnaces  but  have  been  utilized  by  the  methods 
of  electric  smelting  now  coming  into  vogue.  The  ferro-titanium 
produced  is  used  for  cleaning  and  hardening  steel  to  be  used 
for  rails,  or  for  other  manufactures  requiring  special  hardness 
and  endurance  under  exacting  stresses.  -  Ores  of  the  fourth  class 
are  sold  on  the  base  of  their  titanium  content,  and  without  regard 
to  the  percentage  of  iron  accompanying  them. 

Ores  of  the  third  class  are  not  merchantable  at  the  present 
time;  their  large  percentage  of  titanium  is  obnoxious  to  the  iron 
master  for  the  reason  that  they  require  a  high  fuel  ratio  and 
frequently  form  salamanders  or  obstructions  in  the  furnace. 
Their  removal  requires  an  unusual  consumption  of  fuel,  an  in- 
creased pressure  of  blast,  or  in  many  cases,  a  closing  down  of  the 
furnace  in  order  to  remove  the  accretion.  It  is  proposed  to  show 
later  that  this  objection  has  been  exaggerated,  and  that  by  the  use 
of  care  and  proper  flu.xes,  it  is  not  more  difficult  to  run  the  titanic 
acid  into  the  slag  than  it  is  to  slag  the  silica.  Hence,  it  is  the  belief 
of  the  writer  that  the  utilization  of  these  ores  in  the  future 
may  be  anticipated. 

While  there  is,  undoubtedly,  a  complete  gradation  from  pure 
magnetite  to  ilmenite  or  menaccanite,  yet  there  appears  to  be 
an  hiatus,  or  gap,  between  the  ores  of  class  3  and  those  of  class  4. 
The  occurrence  of  large  bodies  of  ore  carrying  from  12%  to  18% 
of  titanium  is  comparatively  rare,  and,  with  the  exception  of 
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some  deposits  in  the  neighbourhood  of  Seven  Islands,  Quebec, 
there  is  a  pronounced  demarkation  between  class  3  and  class  4. 
Class  3  ores  are  strongl)-  magnetic,  and  their  iron  contents 
can  be  raised  successfully  by  magnetic  concentration ;  they  do  not 
pass  into  ores  carrying  more  titanium,  and  petrologically, 
they  constitute  distinct  bodies.  The  name  of  titaniferous  magne- 
tite, or  preferably,  titanomagnetites,  is  proposed  for  this  class 
of  ores. 

Ores  of  class  4  are  ores  of  titanium,  and  may  be  designated 
as  titanic  iron  ores,  or  ilmenites. 

Therefore,  the  iron  deposits  of  Quebec  Pro\ince  are  classi- 
hied  and  described  under  the  following  heads: — 

(1)  Non-titaniferous,    or    slightly    titaniferous,    iron    ores. 

(2)  Titanomagnetites. 

(3)  Ilmenites. 

(4)  Iron  sands  or  alluvial  deposits. 

NOX-TITANIFEROUS,  OR    SLIGHTLY    TiTAXIFEROUS,  IrOX    ORES. 

(a)  Deposits  in  the  Grenville  series: 

Bristol  iron  mine. 

Forsyth  and  Baldwin  iron  mines,  in  the  vicinity 

of  Ottawa. 
Haycock  mine. 

Grenville  iron  mine  (Argenteuil). 
St.  Jerome  mine   (near  Terrebonne). 

(b)  Deposits  in  the  pre-Cambrian,  or  Paleozoic,  of  the 

Eastern  townships. 

Leeds  iron  mine  and  deposits  in  Leeds,  Ireland 

and  Inverness  townships. 
Spalding  iron  mine. 
Brome  and  Sutton  mines. 
Iron  mines  near  Sherbrooke. 
Magnetic  iron  of  Lake  Nicolet. 

(c)  Hematites  in  Cambro-Silurian  of  Gaspesia. 

(d)  Bog  iron  ores,  of  various  localities,  especially  north 

of  the  St.  Lawrence  Ri\er. 
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(a)  Deposits  oj  the  Grenville  Series. — As  classified  under 
(his  heading,  the  only  deposits  which,  from  an  economic  stand- 
point, are  worthy  of  consideration  are  the  Bristol  and  the 
Forsyth  mines.  The  Bristol  iron  mine  (which  comprises  lots 
21  and  22  in  the  2nd  range  of  the  township  of  Bristol,  Pontiac 
count},-)  was  worked  intermittently  from  1872  to  1874  by 
Americans.  Judging  by  the  large  dumps  of  ore  now  to  be 
seen  on  the  ground  the  operations  must  have  been  extensive. 
Two  shafts  were  sunk,  and  a  compressor  and  hoisting  plant  were 
installed,  with  the  necessary  buildings.  The  ore  was  much  con- 
taminated with  pyritc,  and  required  roasting,  hence  two  roasting 
kilns  with  six  gas  producers  were  built.  The  mine  has  been  de- 
scribed by  Cirkel^  and  Lindcman."'  The  magnetomctric  map 
which  accompanies  Lindeman's  paper  indicates  the  existence 
of  three  large  areas  in  which  the  magnetic  attraction  is  very 
strong;  these  areas  have  respectively.  25,000,  60,000  and  90,000 
square  feet. 

Following  the  publication  of  this  map,  a  corporation  callotl 
the  Ennison  Company,  undertook  to  "prospect  the  propert>', 
and  trenched  through  the  overlying  clay  mantle  to  the  under- 
lying rock  in  these  areas  of  strong  magnetic  attraction.  Al- 
though many  of  these  trenches  were  filled  with  debris  at  the  time 
of  the  writer's  visit,  yet  he  was  able  to  recognize  that  the  bed- 
rock is  not  uniformly  magnetite  ore  even  in  the  areas  showing 
strongest  dip  of  the  needle.  Summarizing  all  the  observations 
made,  it  may  be  stated  that  the  ore  bodies  at  the  Bristol  mine 
constitute  a  series  of  lenticular  masses  of  magnetite,  none  of 
which  has  a  width  of  clean  ore  greater  than  40  feet.  The  lenses 
are  intercalated  in  gneiss  and  hornblende,  and  other  foliated 
rocks  in  which  magnetite  is  often  abundantly  di.sseminated. 
The  whole  series  of  these  foliated  rocks  is  cut  by  intrusions  of 
granite  which  often  have  a  pegmatitic  character.  It  nuist  ])e 
stated  that  the  lenses  of  ore  above  referred  to  by  no  means 
cover  the  same  surface  area  as  the  lines  of  strong  magnetic 
attraction;  but,  in  certain  of  these  areas,  "it  is  possible  that   the 


'  F"ritz  Cirkel,  Rcpt.  on  llu>  Iron  Ore  Deposits  alonp;  tlie  Ottawa  and 
(latineau  Rivers;  Mines  Branch,  Dept.  of  Mines,  Ottawa,  190!). 

-  E.  Lindcman,  Iron  Ore  Deposits  of  the  Bristol  Mine;  Mines  Branch, 
Dept.  of  Mines,  Ottawa,  lOlO. 


Iron  Resources  of  Quebec — Dulieux.  355 

lenses  will  be  so  frequent  and  the  inclosing  rocks  so  impregnated 
with  disseminated  magnetite,  as  to  permit  of  economic  working. 
In  any  such  case  their  commercial  operation  in  this  field  will 
necessitate  the  employment  of  concentration  methods,  both  for 
increasing  the  percentage  of  iron,  and  for  decreasing  the  percent- 
age of  sulphur.  The  report  of  Mr.  Lindeman,  above  referred  to, 
is  supplemented  by  a  report  made  by  Mr.  G.  C.  McKenzie, 
containing  the  results  of  extensive  experiments  made  on  the  mag- 
netic concentration  of  this  ore.'^  On  referring  to  this  latter 
report,  it  will  be  noted  that  the  iron  contents  can  be  raised  from 
52%  to  58%  or  63%  and  the  amount  of  sulphur  decreased  from 
2^%  to  less  than  1%. 

The  Forsyth  iron  mine. — The  Forsyth  iron  mine  lies  on  lot 
11,  range  7,  in  the  township  of  Hull,  and  is  about  5  miles  north 
of  the  city  of  Hull.  This  iron  deposit  has  been  known  for  over 
GO  years.  In  1854-55  the  Forsyth  Co.  of  Pittsburgh,  Pa.  com- 
menced the  development  of  the  property,  and  shipped  about  5000 
tons  of  ore  by  way  of  the  Rideau  canal,  the  St.  Lawrence  river 
and  the  Great  Lakes  to  the  L^nited  States.  In  1867,  a  furnace 
was  erected,  but  within  a  few  months  from  the  time  the  furnace 
was  blown  in,  all  operations  were  suspended,  and  all  work  at 
the  mine  has  since  been  abandoned.  The  only  working  which  can 
now  be  seen  is  an  open  cut  about  700  feet  in  length  by  40  to  70 
feet  in  width,  and  which  has  a  depth  of  from  25  to  50  feet  from 
the  surface.  This  open  cut  was  made  on  a  lens  of  iron  ore 
encased  in  crystalline  white  limestone.  The  whole  width  of 
this  open  cut  is  not  all  in  iron  ore;  on  the  contrary,  out  of  some 
40  feet  of  width  exposed  there  are  but  15  feet  of  ore,  which  is 
seggregated  into  three  beds  having  widths  respectively  of  8  feet, 
5  feet  and  2  feet.  The  ore  is  predominantly  a  magnetite  with 
which  small  quantities  of  hematite  are  associated;  the  iron  con- 
tents vary  from  53%  to  60%;  the  silica  ranges  from  11%  to  20%; 
phosphorus  runs  from  .014  to  .027  and  sulphur  from  .089  to 
.044%.  From  the  point  of  view  of  quantity  this  ore  is  of  little, 
if  any,  economic  importance. 

{b)  Deposits  in  the  Eastern  Toivnships. — Of  the  numerous 
bodies  of  iron  ore  which  have  been  found  in  the  Eastern  Town- 
ships of  Quebec  no  one  as  yet  has  been  proved  to  be  of  import- 
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ance  as  a  source  of  iron  ore.  The  Spalding  deposit  is  nothing 
but  an  impregnation  of  the  old  quartzites  with  particles  of  mag- 
netite, the  average  amount  of  metallic  iron  being  under  18%. 

The  most  notable  of  the  deposits  in  this  section  is  known  as 
the  Leeds  mine,  the  operation  of  which  has  been  attempted  at 
different  times  by  different  syndicates.  A  magnetometric  survey 
of  the  property  was  made  by  the  Department  of  Mines  in  1905, 
but  the  results  of  this  survey  have  not,  as  yet,  been  published. 
The  property  is  situated  on  lots  7a  and  7b  in  the  5th  range  of 
the  township  of  Leeds,  Megantic  co.,  and  a  waggon  road  of 
15  miles  communicates  with  Robertson  station  on  the  Quebec 
Central  Railway.  Such  ore  as  has  been  found  occurs  in  lenses 
intercalated  within  pre-Cambrian  schists,  usually  chloritic. 
On  lot  7b  a  number  of  outcrops  of  this  siliceous  ore  can  be  seen, 
and  on  lot  7a  two  or  three  trenches  have  followed  these  lenses 
of  magnetite,  which  lenses  have  never  reached  a  thickness 
greater  than  4  or  5  feet  and  there  is  no  extensive  longitudinal 
dimension  to  these  ore  bodies.  The  average  value  in  iron  of  the 
lenses  ranges  from  45%  to  55%  of  metallic  iron,  with  very  small 
quantities  of  phosphorus  and  sulphur. 

(c)  The  prospecting  which  has  been  done  in  Newport,  near 
Gaspesia  has  failed  to  disclose  any  deposits  of  commercial  value. 
{(1)  The  bog  iron  ores,  especially  of  the  Turtle  Lake  district  near 
Three  Rivers,  hitherto  have  constituted  very  important  supplies 
for  the  charcoal  furnace  of  the  Canadian  Iron  Corporation 
at  Radnor  Forges,  but  the  exhaustion  of  these  ores  is  complete, 
and  the  furnaces  have  been  shut  down. 

Titanomagxetites. 

The  class  of  titanomagnetites  includes,  probabl\-,  the  most 
numerous  and  the  most  extensive  deposits  of  the  Province  of 
Quebec.     This  class  is  found  in  5  districts  .tabulated  below: — 

j  St.  Charles  mine. 

(1)  Sagucnay  district .  deposits  in  Kenogami. 

'.  deposits  in  the  Alma  Islands. 
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(  Seven  Islands  deposits  (Rapid 

(2)  Xorth  Shore  of  St.  Law-  I       River,       Ste.       Marguerite 

rence  River River). 

^  Cape  Rond  deposits. 

(3)  Morin  anorthosite  mass     Degrobois  deposit. 

(4)  St.Boniface-Shawenegan  ]  ,,         ,. 

,      .  1  Cjrondin  mine, 

anorthosite  mass.  ) 

(o)   Kastern  townships Beauceville  mine. 

Saguenay  district. — The  deposits  of  the  townships  of  Kenog- 
ami  and  of  the  Island  of  Alma  have  been  known  for  a  long  time, 
but  their  importance  is  small  compared  with  that  known  as  the 
"St.  Charles".  The  Kenogami  deposits  are  shown  in  some 
trenches  and  open  cuts  made  along  the  side  of  the  railway  track 
from  Chicoutimi  to  St.  Gedeon;  they  appear  to  be  small  pockets 
or  lenses  in  a  coarse  grained  anorthosite;  the  ore  is  a  titanomag- 
netite  carrying  50-5390  of  iron  and  10-12^^  of  metallic  titanium. 
The  deposits  of  Alma  Island  are  still  less  important. 

The  St.  Charles  deposit  lies  on  the  left  bank  of  the  Saguenay 
River  about  1  and  h  miles  upstream  from  the  \illage  of  St.  Charles 
in  the  township  of  Bourget.  The  outcrops  are  on  the  slopes  and 
the  top  of  a  small  hill  rising  from  a  high,  wooded  plateau. 

No  prospecting  work  has  been  done,  and  the  description  is 
based  upon  the  \'isible  outcrops;  the  accompanying  sketch  shows 
the  sizes  and  shapes  of  these  outcrops.  The  black  spots  in  the 
map  represent  compact  ore  free  from  country  rock.  The  lar- 
gest area  has  dimensions,  or  diameters,  of  200  feet  and  320  feet 
respectiveU'.  Other  and  smaller  outcrops  appear  as  shown  on  the 
map.  On  the  surface  lumps  of  ore  of  varying  sizes  may  be  obser\-- 
ed  scattered  over  a  considerable  area,  and  it  is  possible  that, 
by  prospecting  or  exploration,  large  masses  of  ore  may  be  found. 
A  representative  sample  taken  from  these  surface  exposures 
gave  the  following  analysis: — iron  50.53%,  titanium  10.55%. 
A  concentration  test  made  from  this  surface  sample  with  a 
small  magnetic  separator  of  the  drum  type  gave  concentrate 
yielding  from  50%  up  to  59.68%  of  iron,  and  the  tailing  showed 
from  17.6%  to  21.5%  of  titanium. 
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FIGURE  1 

Plan  of  the  St.  Charles  Iron   Mine 
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(2)  North  Shore  of  the  St.  Laurence  River. — The  principal 
deposits  of  Seven  Islands  appear  along  the  Riviere  des  Rapides 
where  the  largest  one  forms  clififs  on  each  side  of  the  riv^er  at 
the  chute  called  "Cran  de  Fer".  The  country  is  a  mass  of 
gabbro-anorthosite  with  variations;  in  places  a  white  anorthosite 
has  the  appearance  of  marble  from  a  distance,  but  is  formed  al- 
most entirely  of  plagioclase  feldspars,  somewhat  saussuritized; 
in  other  places  the  black  rock  is  a  real  diallage-gabbro,  heavily 
charged  with  grains  of  titanomagnetite.  Such  variations, 
in  both  aspect  and  composition,  cannot  be  attributed  to  local 
xariations  of  the  same  magma:  it  may  be  supposed  that  tectonic 
movements  occurred  at  a  time  when  the  mass  was  cooling  but 
was  still  rather  fluid,  and  that  a  differentiation  had  already  oc- 
curred which  had  separated  the  feldspathic  magma  from  the 
ferro-magnesian  magma;  these  supposed  movements  might  dis- 
place the  two  already  differentiated  magmas  to  such  an  extent  as 
to  cause  them  to  penetrate  each  other.  No  traces  of  metamor- 
phic  action,  due  to  such  penetration,  was  observed,  a  spur  of 
white  anorthosite  appearing  in  the  midst  of  a  heavy  black  gabbro 
without  the  mingling  or  alteration  of  either  mineral. 

The  true  anorthosite  contains  but  few  particles  of  titano- 
magnetite, on  the  contrary  the  gabbros  are  highly  charged 
with  it.  Frequently  the  gabbros  become  iron  ores  by  successive 
enrichments.  This  phenomenon  leads  to  the  thought  that,  the 
deposits  of  magnetic  titaniferous  iron  of  the  Cran  de  Fer  may  be 
closely  associated  with  the  encasing  gabbros,  and  may  constitute 
the  surface  residue  of  the  differentiation  referred  to  in  the  pre- 
ceding paragraph. 

Since  no  prospecting  work  has  been  done  at  the  Cran  de  Fer 
Rapids  no  accurate  computation  of  the  extent  of  the  ore  bodies 
can  be  made;  on  the  exposures  which  exist  it  is  difficult  to  distin- 
guish with  the  naked  eye  between  the  ore  and  the  fine-grained 
black  gabbro.  On  the  right  bank  of  the  river,  for  a  distance  of 
650  feet,  the  indications  are  that  a  real  deposit  of  titaniferous  iron 
exists.  The  percentage  of  this  iron  varies  greatly  in  different 
parts.  Some  portions  are  good,  containing  less  than  10%  of 
gangue  material ;  in  other  portions  the  iron  obtained  by  analysis 
is  undoubtedlv  combined  as  a  silicate.     On  the  left  bank  of  the 
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ri\cr  the  best  showings  arc  near  the  edge  of  the  stream;  it  is  here 
that  a  company  known  as  the  Molson's  Company,  in  1867,  mined 
several  tons  of  ore  and  attempted  to  smelt  them  in  the  furnaces 
then  at  Moisie. 

Several  analysis  of  this  ore  ha\e  been  made  at  the  Pro\incial 
Laboratory,  and  also  of  the  magnetic  concentrate  obtained  by 
Mr.  Ci.  \\.  McKenzie  of  the  Dominion  Department  of  Mines. 
The  crude  ore  gave  the  following  average  analysis: — 

Fe 41.2% 

TiOo 25.6% 

SiO,, 9.36% 

Ph 0.21% 

S 0.76% 

The  results  of  the  concentration  tests  on  magnetic  machines 
were  unsatisfactory,  owing  to  the  fact  that  the  titanic  acid  is  so 
intimately  associated  with  the  iron  that  magnetic  separation  is 
not  feasible. 

The  deposits  at  Cape  Rond  are  very  interesting  from  a  geo- 
logical point  of  view  but  failed  entirely  to  rev'eal  any  large  ciuan- 
tit\'  of  ore.  The  alternate  layers  of  pink  gneiss,  anorthositc, 
and  micaceous  rocks  are  parallel  to  the  shore  line.  The  series 
at  Chaloupe  river  passes  gradually  into  a  complex  of  gneissic 
anorthosites  whose  structure  is  emphasized  by  the  titanomagnc- 
tites  and  black  constitutents  of  the  rock  lying  in  parallel  align- 
ment. While  there  is  no  doubt  that  these  rocks  have  been  derived 
from  the  same  parent  magma  it  would  appear  that  there  were 
two  immi.scible  ])hases,  gi\ing  rise  on  cooling  to  this  peculiar 
gneissic  structure.  PVom  an  economic  point  of  view  the  deposits 
ha\e  no  interest. 

Above  and  below  Clarke  City  on  the  St.  Marguerite  River 
some  deposits  of  titanomagnetite  exist,  but  the  small  size  of  the 
present  deposits  is  not  i^romising. 

(3)  Morin  Anorthositc,  near  St.  Agathe. — The  irregular 
lenses  of  the  Degrobois  deposit  occur  in  a  granular  anorthositc. 
Little  work  has  been  done  upon  these,  but  several  lenses  have  been 
uncovered,  the  largest  of  which  has  a  diameter  of  about  ten  feet. 
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and  an  unknown  length.  More  extensive  explorations  may  re\eal 
important  masses,  and  the  situation  by  the  side  of  the  railway 
track  is  favourable.  The  ore  contains  from  42%  to  45%  of 
iron  and  6%  of  titanium. 

(4)  The  Grondin  Mine,  in  the  St.  Boniface-Shawenegan  mass 
of  anorthosite,  is  an  old  mine  that  was  worked,  but  without 
success,  some  40  to  50  years  ago.  An  old  excavation,  some  22 
feet  long,  10  feet  wide  and  6  feet  deep,  has  been  made  in  a  mass 
of  titanomagnetites,  but  according  to  the  attraction  of  the  needle 
the  mineralized  area  may  be  175  feet  long  by  60  feet  wide. 
This  ore  has  about  the  same  composition  as  the  Degrosbois  ore 
of  42%  iron,  6%  titanium;  magnetic  concentration  tests  on  this 
ore  were  quite  successful,  concentrations  having  been  obtained 
carrying  71%,  52%  and  53%  of  iron,  on  sizes  of  40  mesh,  40  to  80 
mesh,  and  smaller  than  80  mesh,  respectively. 

(5)  The  deposit  at  Beauceville  is  more  interesting  from  a 
geological  point  than  from  an  economical  one ;  the  small  lenses  of 
ore  are  contained  in  serpentized  greenstones  which  show  great 
variations  in  their  composition.  Some  of  the  ore  is  titaniferous, 
and  some  is  chromiferous  with  only  traces  of  titanium ;  they  are 
economically    negligible. 

Ilmenites,  or  Ores  of  Titanium. 

All  deposits  of  this  class  occur  as  seggregated  bodies  in  anor- 
thosite, and  only  two  localities  in  the  Province  contain  them  in 
quantity;  there  are  in  the  parish  of  St.  Urbain,  9  miles  from  Bale 
St.  Paul  and  at  Ivry,  on  the  slope  of  a  rounded  hill  near  Lake 
Manitou. 

As  a  rule  these  bodies  have  no  definite  shape,  and  at  Baie 
St.  Paul  it  is  difficult  or  impossible,  to  ascertain  the  direction  of 
the  longer  axes;  at  Ivry  the  direction  of  the  length  is  more  easily 
ascertained.  The  anorthosites  of  these  localities  rarely  present 
a  gneissic  structure,  some  feldspars  are  cracked,  or  present  strain 
shadows,  but  in  the  majority  of  specimens  the  rock  appears 
to  have  crystallized  quietly  and  to  ha\'e  been  affected  only  by 
strains  of  minor  importance. 
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In  both  localities  the  line  between  the  rock  and  the  ilmenites 
is  sharply  defined;  specimens  are  frequent  wherein  one  portion 
is  massive  ilmenite  and  the  other  portion  is  rock  without  any- 
appreciable  quantity  of  ilmenite.  On  the  other  hand,  in  several 
cases,  perfect  crystals  of  feldspars  are  found  in  the  middle  of 
lumps,  or  blocks,  of  ilmenite,  showing  that  both  minerals  have 
originated  from  the  same  magma. 

These  observations  give  good  reasons  for  attempting  to 
trace  a  clear  demarcation  between  the  titanomagnetites  and  the 
ilmenites. 

Besides  the  difference  in  chemical  composition  there  arc 
differences  in  occurrence  ;  the  titanomagnetites  frequently 
appear  as  segregations  in  a  very  ferruginous  gabbro,  which  itself 
is  usually  of  gneissic  structure,  whereas  the  ilmenites  occur  as 
irregular,  but  well  defined  masses  in  .undisturbed  anorthosite. 
This  statement  is  well  illustrated  by  the  anorlhosites  and  the 
gneissic  anorthosites  of  St.  Urbain ;  in  the  anorthosites  the  black 
grains  are  usually  visible  under  the  microscope,  are  not  more 
numerous  than  in  other  anorthosites  elsewhere  in  the  province,  and 
the  chemical  composition  of  these  black  grains  is  that  of  ilmenite; 
the  gneissic  anorthosites  are  spotted  with  very  numerous  crys- 
tals of  a  strongly  magnetic  iron  ore,  having  the  composition  of 
titanomagnetite. 

The  important  deposits  of  ilmenite  ores,  so  far  found,  arc 
the  following: — St.  Urbain  deposits;  Ivry  deposits;  Rawdon 
deposits. 

St.  Urbain  deposits. — The  St.  Urbain  deposits  are  among 
those  which  have  been  known  for  the  longest  time  in  Quebec. 
They  lie  on  the  margin  of  an  undulating  plateau  which  borders 
on  the  valley  of  the  Riviere  du  Gouffre  in  the  county  of  Charle- 
voix; they  are  in  the  parish  of  St.  Urbain,  which  is  a  village 
about  nine  miles  from  Baie  St.  Paul. 

The  plateau,  which  has  an  elevation  of  from  900  to  1100 
feet  above  the  general  level  of  the  \alley,  appears  to  be  anortho- 
site, covered  to  a  considerable  depth,  in  many  places,  with  clay. 
But  from  the  various  outcrops  and  from  the  steep  slopes  rising 
from  the  vallcv  the  character  of  the   underlying  rock  has  been 
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ascertained.  The  anorthosites  of  this  plateau  can  be  classified 
into: — (a)  compact  anorthosites,  and  (b)  granular  and  gneissic 
anorthosites. 


r  Wj 


FIGURE  2 

Map  of  St.  Urbain  iron  deposits,  showing  their  general  direction 
north  cast — south-west 
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The  compact,  or  massive  anorthosites  are  light  coloured 
rocks,  usually  greyish,  yellowish,  or  reddish,  weathering  frequent- 
1\'  to  white,  and  made  up  almost  entirely  of  feldspar,  with  minor 
quantities  of  titanite,  biotite  and  muscovite;  as  a  rule  the  feld- 
spars are  not  oriented  in  any  specical  direction. 

The  granular  or  gneissic  anorthosites  apparenth-  are  de- 
rived from  the  compact  anorthosites  by  dynamic  metamorphism; 
these  rocks  are  friable  and  break  along  irregular  planes.  Some 
varieties  contain  the  darker  minerals,  frequently  arranged  in 
lines  so  as  to  give  the  rock  a  gneissic  aspect.  The  most  abun- 
dant black  mineral  is  a  magnetite  carrying  small  amounts  of 
titanite  whose  mineralogical  character  is  quite  different  to  the  rare 
black  grains  found  in  true  anorthosites. 

Three  samples,  two  from  the  gneissic  anorthosites  and  one 
from  a  compact  anorthosite  gave  the  following  analyses: — 


Iron 

'rilaiiiiim 

IV.)|).  Vv.  'I'i. 

Grains  from  sample 

I 

II 

Ill 

64.06% 
57.16% 
32.71% 

4.61 

4.03 

20.74 

13.93 

14.27 

1.05 

From  this  table  it  would  api)ear  that  the  iron  accompanying 
the  granular  and  gneissic  anorthosites  is  a  magnetite,  while  the 
mineral  accompanying  the  comjiact  anorthosites  is  ilmenite  only. 
A  further  difference  noticed  was  that  pure  masses  of  magnetite 
were  never  found,  the  mineral  being  always  intermingled  with 
feldspar;  while  the  ilmenite  was  found  to  aggregate  into  large 
and  pure  masses  in  the  middle  of  the  anorthosite.  And  we  con- 
clude, therefore,  that  all  deposits  of  ilmenite  in  this  section  arc 
in  the  compact  anorthosites. 

In  1872,  a  corporation  called  the  Canadian  Titanic  Iron 
Company,  built  a  blast  furnace  on  the  St.  IVbain  jjlateau,  the 
ruins  of  which  are  still  observable.  There  were  six  roasting 
stalls,  a  boiler  house  and  blowing  engine,  and  some  bricks  and 
slag  piles  indicate  the  position  of  the  blast  furnace.  The  com- 
pany failed  in  1874,  when  the  masonry  buildings  were  destroyed; 
about  1500  tons  of  ore,  which  had  been  extracted  from  tlic  deposit 
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remained  on  the  dumps.  The  workings  made  by  this  corporation 
consisted  of  two  open  cuts  on  lots  351  and  362.  The  first  cut 
was  about  70  feet  wide  and  was  made  in  a  mass  of  ihnenite 
whose  walls  were  not  ascertained.  The  second  open  cut,  some 
40  or  50  yards  southwest  of  the  first  one,  is  nearly  filled  by  slides 
from  the  overlying  surface  clays  and  gravels,  but  one  of  them,  of 
a  length  of  about  30  or  40  feet,  appears  to  be  cut  entirely  in  com- 
pact ilmenite. 

About  three-quarters  of  a  mile  southwest  from  these  old 
workings  are  two  properties  known  locally  as  "Coulomb's 
mine"  and  "The  General  Electric's  mine".  The  former  lies 
at  the  eastern  extremity  of  lot  319  and  has  two  open  cuts,  distant 
about  500  feet  one  from  the  other,  knoAvn  as  the  "Eastern" 
and  the  "Western"  workings.  The  western  workings  comprise 
a  large  mass  of  compact  ilmenite  from  which  the  overlying  clay 
has  been  stripped,  the  exposed  rock  showed  no  barren  material. 
From  this  opening  the  ore  was  quarried.  The  eastern  workings 
consist  of  an  open  cut  some  160  feet  in  length  and  30  feet  in  width 
at  the  bottom  of  the  cut.  The  beginning  of  the  cut  was  made  on 
the  edge  of  a  mass  of  ore  w^hich  widened  as  it  proceeded  to  the 
west.  The  ore  from  these  two  workings  is  hauled  to  the  \illage 
of  Baie  St.  Paul,  and,  in  July  1911,  some  1500  tons  had  been 
shipped  from  Baie  St.  Paul  to  the  Titanium  Alloy  Company 
of  Niagara  Falls,  N.Y. 

The  workings  of  the  property-  of  the  General  Electric  Com- 
pany consisted  of  two  open  cuts  about  150  feet  apart ;  one  of  these 
showed  a  triangular  mass  of  ilmenite  having  a  width  of  about  80 
feet,  the  second  one  showed  a  similar  mass  of  about  50  feet  in 
width.  The  writer  was  informed  that  bore  holes  have  shown  the 
presence  of  ore  to  a  depth  of  100  feet. 

All  these  deposits  are  situated  along  a  line  whose  course 
is  practically  northeast  and  southwest,  indicating  the  presence 
of  a  mineralized  belt  of  about  a  mile  in  length,  and  running  in 
a  northeast  direction.  The  general  character  and  composition 
of  the  ore  is  shown  in  the  following  table  of  analyses: — 
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I 

II 

III 

IV 

SiOs 

FeO 

TiO" 

2.64 
51.54 
41.00 
0.040 
0.041 
40.09 
24.62 

3.12 
55.14 
25.46 
0.044 
0.040 
42 .  89 
21.30 

1.10 
57.24 
41.61 
Traces 
Traces 
44 .  52 
24 .  98 

1.68 
55.36 
38 ,  29 

Ph 

S 

Fe  (metallic) 

Ti  (metallic) 

0.041 
Traces 
43.06 
23.00 

I   Coulomb  mine,   west  side. 
II   (General  Electric  mine. 


II    Coulomb  mine,  east  side. 
IV  Glen  prospect. 


The  Ivry  deposits. — About  three  miles  westerly  from  the 
station  of  Ivry,  on  the  St.  Agathe  branch  of  the  C.  P.  Railway, 
are  situated  the  Ivry  deposits.  Some  extensive  prospecting 
work  has  been  done  on  these  deposits  and  the  ore  (ilmenite) 
was  to  be  seen  in  almost  all  the  different  excavations  or  trenches, 
along  a  zone  measuring  over  700  feet  in  length  and  120  feet  in 
width.  Near  the  foot  of  this  hill  a  trench  is  cut  across  the  zone 
and  shows  compact  ore  for  a  distance  of  about  100  feet;  at  one 
end  of  this  trench  a  pit  has  been  sunk  to  a  depth  of  about  7  feet, 
the  bottom  of  which  is  pure  ilmenite.  These  facts  indicate 
that  there  are  large  masses  of  ilmenite  in  this  deposit.  The 
analysis  of  ores  from  this  locality  show  from  47-48%  of  metallic 
iron  and  from  18-22%  of  metallic  titanium.  By  reason  of  the 
short  distance  from  the  railway,  the  height  of  the  hill,  and  the 
size  of  the  ore  bodies,  these  deposits  are  more  favourably  located 
than  those  of  Baic  St.  Paul. 

The  Iron  Sands. 


The  iron  sands  of  the  north  shore  of  the  St.  Lawrence  River 
have  been  known  for  very  many  years  and  many  reports  upon  the 
them  have  been  made  by  geologists  and  engineers.  The  occur- 
rence of  these  iron  sands  on  some  of  the  beaches  of  the  Gulf 
shore  is  frequent  in  cov^es,  or  near  the  mouths  of  large  rivers,  where 
the  magnetic  iron  sands  has  been  arranged  and  brought  to  the 
surface  by  the  action  of  the  waves.  The  principal  localities, 
named  in  the  order  of  importance,  are: — The  Natashquan 
deposits;  the  Moisie  deposits;  the  St.  John  River  deposits. 
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The  Natashquan  deposits  have  been  made  the  subject 
of  a  thorough  investigation  during  the  last  two  summers  by  Mr. 
G.  W.  McKenzie  of  the  Department  of  Mines,  Ottawa,  and  the 
reader  is  referred  to  his  report  for  details.  All  of  these  deposits 
are  of  recent  origin  and  are  found  in  low  terraces,  or  dunes, 
through  which  rivers  have  cut  winding  channels  as  mentioned 
above;  they  are  usually  found  on  both  sides  of  the  mouths  of 
large  rivers,  but  a  distinction  must  be  made  between  the  terrace, 
or  dune,  deposits  and  the  tidal  deposits.  The  first  have  accum- 
ulated during  an  earlier  period  of  general  subsidence,  covering 
large  tracts  of  land;  their  existence  has  to  be  proved  by  borings 
and  their  average  content  in  metallic  iron  is  not  generally  above 
10%  or  12%,  although  in  exceptional  cases  the  percentage  rises 
to  25  or  30  %.  The  tidal  deposits  form  narrow  strips  of  beach 
at  the  foot  of  sandy  cliffs;  they  are  reached  and  agitated  only  by 
extremely  high  tides,  or  by  the  waves,  rising  from  an  unusually 
heavy  storm;  these  tidal  deposits  represent  an  actual  concentra- 
tion of  the  iron  carried  in  the  river  sands. 

Natashquan  sands. — Iron  bearing  sands  have  been  observed 
on  each  side  of  the  Great  Natashquan  Ri\'er  for  over  20  miles 
of  its  length;  they  have  been  examined  and  tested  frequently, 
as  will  be  found  on  reference  to  Mr.  McKenzie's  report  already 
mentioned.  In  this  report  Mr.  McKenzie  estimates  that,  upon 
the  particular  block  which  he  drilled  and  tested,  there  were 
5,800,000  gross  tons  of  sand  containing  500,000  tons  of  magnetic 
concentrate  which  would  carry  68.1%  of  metallic  iron.  The 
average  contents  of  the  sands  in  iron  ores  Mr.  McKenzie  gives 
as  9.45%;  the  average  depth  to  which  Mr.  McKenzie's  holes 
extended  was  15  feet,  but  prior  investigators  have  proved  the 
presence  of  these  magnetic  concentrate  to  a  depth  of  40  feet. 

The  Moisic  sands. — On  either  side  of  the  mouth  of  theMoisie 
River  the  two  distinct  types  of  deposits,  already  recognized, 
are  present;  the  first  of  these,  (1)  terrace  sands,  have  been  proved 
by  borings  not  to  go  deeper  than  6  or  8  feet.  On  a  strip  of  shore 
500  feet  wide,  and  a  mile  long,  the  average  content  was  6.8% 
for  a  mean  depth  of  6  feet,  but  these  estimates  cannot  be  extended 
to  the  12  miles  of  shore  along  which  iron  sands  are  found.  (2) 
The  tidal  deposits  show  layers  of  from  1  to  30  or  40  feet  in  width. 
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from  1  inch  to  10  inches  deep  but  traceable  for  many  thousand 
feet.  The  contents  ^•ary  from  25%  to  50%  of  concentrate 
which  carry  from  67%  to  68%  of  iron  and  from  1.5  to  2%  tita- 
nium. 

Utilization  of  the  Iron  of  the  Province  of  Quebec. 
The  non-titaniferous  or  slightly  titaniferous  iron  ores,  con- 
stituting ores  of  the  first  class  of  the  writer's  classification,  will 
be  readily  marketable  if  found  in  sufficient  quantities.  With  the 
exception,  perhaps,  of  the  iron  sands  of  the  north  shore  none 
of  the  deposits  of  this  class  is  known  which  is  large  enough  to 
become  the  basis  of  a  great  industry.  The  utilization  of  the  iron 
sands  of  the  north  shore  involves  several  economic  problems 
which  would  be  readily  solvable  in  the  interior  of  a  country  but 
which  present  additional  difficulties  by  reason  of  their  exposure 
on  a  tidal  shore.  For  example,  at  Natashquan  there  is  a  small 
and  safe  harbour  behind  the  sand  bar,  but  in  stormy  weather 
vessels  would  be  unable  to  enter  into  this  harbour  or  to  leave  it; 
moreover,  the  treatment  of  these  sands  involves  not  only  the 
dredging  of  them,  which  would  be  quite  simple  with  a  properly 
constructed  bucket  dredge,  but  they  would  require  to  be  concen- 
trated as  close  to  the  dredge  as  possible  to  save  costs,  and  there 
is  no  near  location  on  which  a  plant,  suitable  for  concentrating 
them,  could  be  built.  The  raw  material  dug  by  the  dredge 
must  be  carried  (by  means  of  an  aerial  tramway  or  other  means) 
to  a  concentrating  plant  where  a  shipping  product,  averaging 
65%  of  iron,  might  be  obtained. 

If,  apart  from  the  iron  sands,  the  basis  for  a  large  iron  in- 
dustry in  this  Province  is  sought  for,  it  will  be  necessary  to  con- 
sider the  titanomognetites,  or  the  ilmenites.  In  reference 
to  the  smelting  of  iron  ores  carrying  titanites  or  ilmenites  in 
the  usual  coke  blast  furnace,  most  of  the  iron  makers  would  strong 
ly  object  to  ores  of  this  character;  but  in  some  works  in  Norway, 
England,  and  in  the  Adirondack  region  of  New  York  ores  high  in 
titanium  are  now  being  successfully  reduced  in  blast  furnaces, 
but  at  a  very  considerable  increase  in  the  fuel  ratio. 


■*  Reference  to  papers  on  this  subject  bv  Dr.  Rossi  are  as  follows: 
Trans.  A.I.M.E.  189;i,  Volume  21,  Page  Hli'Z;  The  Iron  Afre,  February  <), 
and  20,  1895;  the  Engineering  and  Mining  fouinal,  1900,  page  284. 
A.I.M.E.,  Volume  22,  1902,  page  170. 
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The  substance  of  Dr.  Rossi's  investigations  according  to  his 
written  statements,  was  that  there  was  nothing  to  prevent  the 
use  of  titaniferous  ores  in  an  ordinary  blast  furnace.  He  con- 
siders that  titanic  acid  does  not,  in  all  cases,  give  a  refractors- 
slag ;  it  must  be  considered  as  a  kind  of  silica  which,  if  properly 
Huxed,  would  readily  pass  into  the  slag  and  hence  would  permit 
the  utilization  of  the  large  deposits  of  titanomagnetites  which 
so  far  have  not  been  regarded  as  ores  of  value. 

The  making  of  ferro-titanium  from  ilmenite  ores  has  been  the 
subject  of  many  tests  and  much  investigation;  at  the  present 
time  but  two  methods  are  used,  the  first  one  is  the  Goldschmidt 
thermit  process,  the  other  is  the  electric  smelting  process  of  Rossi. 

The  Goldschmidt  process  is  based  on  the  fact  that  the  heat 
evolved  by  the  combustion  of  aluminium  is  greater  than  is  required 
for  the  reduction  of  the  oxides  of  titanium  and  of  iron.  By  the 
addition  of  aluminium  in  right  proportion,  to  a  mixture  of  iron 
oxide  and  pure  ilmenite,  and  then  igniting  it,  an  energetic  reac- 
tion ensues  and  there  is  produced  a  ferro-titanium  containing 
aluminium  as  an  impurity.  Industrially,  this  thermit  process 
is  not  applied  to  the  manufacture  of  ferro-titanium.  The  elec- 
tric smelting  process  of  Rossi  is  now  in  use  at  the  works  of  the 
Titanium  Alloy  Company,  at  Niagara  Falls,  U.S.A.  The 
process  is  based  on  the  reduction  of  titanium  and  iron  from  their 
oxides  by  charcoal  in  an  electric  furnace  of  the  electrode  type. 

For  ores  the  Titanium  Alloy  Company  has  used  either 
ilmenite  or  rutile.  The  ilmenite  has  come  chiefly  from  Canada, 
but  some  very  rich  ores  come,  at  times,  from  the  French  colony 
of  Senegal,  entering  as  ballast  on  small  American  vessels  return- 
ing to  the  United  States.  An  analysis  of  some  of  these  shipments 
gives  titanic  acid  56%,  iron  31. 3%.  The  rutile  comes  from  V'^ir- 
ginia  in  the  form  of  concentrate  which  average  90%.  The 
electric  furnaces  used  are  of  the  Heroult  type,  containing  two 
electrodes  with  a  tilting  hearth,  and  using  a  current  of  160  volts; 
there  are  ten  of  these  furnaces  in  operation,  each  of  1500  horse- 
power and  each  having  a  capacity  to  produce  1250  pounds  of 
ferro-titanium  in  six  hours. 
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The  effect  of  titanium  on  cast  iron  and  steel  has  been 
best  explained,  perhaps,  in  the  paper  of  Mr.  Bradley  Stoughton/' 
Concisely,  a  proper  proportion  of  titanium  improves  the  iron 
in  strength,  toughness,  and  resistance  to  wear.  These  im- 
provements seem  to  be  caused,  not  so  much  by  the  alloying  of 
the  titanium  with  the  iron,  as  by  the  cleansing  action  of  the  tita- 
nium in  removing  oxygen,  nitrogen  and  other  impurities  from  the 
metal.  There  is  no  doubt  that  the  use  of  titanium  in  the  manu- 
facture of  steel  rails  will  increase  in  the  future.  Remembering 
that  more  than  four  millions  of  tons  of  steel  rails  are  rolled  annual- 
ly in  the  United  States  and  Canada,  and  believing  that  the  use 
of  titanium  will  be  extended  to  the  manufacture  of  cast  iron, 
we  may  hope  that  the  ilmenites  of  the  Province  of  Quebec  will 
find  an   increasing   market. 


5  Trans.  A.I.M.E.     Vol.  XLII,  p.  1245-1270. 


MICA  MINING  IN  CANADA 
By  Hugh  S.  De  Schmid,  Ottawa,  Oxt. 

{Antnial  Meeting,  Ottaica,  March.  1913) 

Mica  mining  in  Canada  at  the  present  time  is  almost  ex- 
clusively concerned  with  the  exploitation  of  deposits  of  phlogo- 
pite,  or,  as  it  is  termed  in  the  trade,  'amber'  mica. 

This  latter  designation  'amber'  was  first  applied  to  phlogo- 
pite  mica  by  Mr.  Lacey,  of  Sydenham,  Ontario,  who,  in  conjunc- 
tion with  Mr.  Smith  of  the  same  place,  was  the  first  operator 
of  the  famous  Lacey  mine,  now  owned  and  worked  by  the  General 
Electric   Company,    of   Schenectady,    N.Y. 

The  mica  to  which  Mr.  Lacey  applied  the  term  'amber 
came  from  the  Gould  Lake  mine,  in  the  township  of  Lough- 
borough, Ontario,  and  is  of  a  honey-yellow  shade,  to  which  the 
term  'amber'  is  peculiarly  fitting.  This  mica  was  secured  in 
the  process  of  mining  for  phosphate,  which  occurs  here  somewhat 
plentifully  in  intimate  association  with  the  mica,  and  was  used 
almost  entirely  in  the  stove  industry  and  for  lamp  chimneys,  etc., 
its  light  colour  making  it  well  adapted  for  such  purposes. 

In  addition  to  the  extensive  deposits  of  phlogopite  mica 
which  occur  in  Canada,  there  are  met  with,  also,  some  not 
inconsiderable  bodies  of  muscovite,  or  'white'  mica. 

The  term  'white'  mica,  which  is  the  trade  name  for  this 
variety,  is  hardly  as  happy  as  that  of  'amber'  applied  to  phlogo- 
pite. Muscovite  is  seldom  white  or  colourless,  save  in  the  very 
thinnest  sheets — in  which  condition  'amber'  mica  is  equally 
transparent  and  devoid  of  colour.  The  general  shade  of  mus- 
covite mica  is  a  pale  green,  and  sheets  of  a  brownish  or  smoky 
colour  are  not  unusual;  while  muscovite  from  certain  districts 
in  India  is  of  a  red  shade  and  is  termed  'ruby'  mica. 

In  addition  to  seldom  deserving  the  term  'white'  mica,  sheets 
of  muscovite  have  a  great  tendency  to  be  stained  and  mottled 
by  inclusions  of  foreign  mineral  substance — chief  amongst  which 
are  films  of  the  oxides  of  iron,  magnetite  and  hematite,  and  of 
garnet.     These  films  are  of  exceeding  thinness,  and  the  thinnest 
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flakes  split  from  sheets  of  muscovite  containing  such  inckisions 
will  show  blotches  and  stains  of  the  included  mineral. 

'White'  mica  deposits  are  found  scattered  practically  through- 
out the  Dominion,  and  occurrences  of  this  variety  have  been 
located  at  many  widely  separated  points  where  the  Archean, 
or  older  crystalline  rocks,  are  exposed.  Muscovite  deposits 
have  been  found,  and  in  many  cases  worked  also  from  Labrador, 
in  the  East,  (w'here,  on  Chateau  Bay,  Strait  of  Belle  Isle,  a  mine 
is  recorded  by  Dr.  Robert  Bell  to  have  been  in  operation  in  1881) 
to  the  Rocky  Mountains,  in  the  West.  Extensive  mica-bodies 
are  said  to  exist  in  the  latter  region  in  the  Yellowhead  Pass  dis- 
trict. To  the  south,  'white'  mica  occurs  on  Yeo  Island,  one  of 
the  Thousand  Island  group;  and  many  of  the  explorers  in  the 
Arctic  regions  have  brought  back  with  them  sheets  of  fair  size. 

While  muscovite  occurs  thus  widely  distributed  over  the 
length  and  breadth  of  Canada,  phlogopite,  or  'amber'  mica, 
deposits  are  confined  to  two  more  or  less  well  defined  areas. 
Perhaps  it  were  as  well  to  say  that  these  two  areas  form,  in 
reality,  one  region,  the  foundation  of  which  is  composed  of  mica- 
bearing  rocks,  and  that  the  division  of  this  region  into  two 
areas  is  due  to  the  development  of  sedimentary  rocks  of  Cambro- 
Silurian  age,  both  in,  and  for  some  distance  to  the  south  of  the 
Ottawa  valley.  These  sediments  overlie,  to  a  considerable 
depth,  the  Archean  series  of  rocks  throughout  which  the  pyro- 
xenites,  or  mica-bearing  belts,  are  distributed;  but  there  can  be 
little  doubt  that  what  are  known  respectively  as  the  Ontario 
mica  area  and  the  Quebec  mica  area  are  part  of  the  same  mica- 
bearing  region,  which  is  encumbered  and  concealed  in  the 
neighbourhood  of  Ottawa  by  a  belt  of  sedimentary  deposits. 
These  sediments,  chiefly  composed  of  limestones  and  argillaceous 
sandstones  and  shales,  spread  in  a  north-easterly  and  a  south- 
westerly direction  for  a  distance  of  forty-five  miles  between  the 
north,  or  Quebec,  mica  area  and  the  south,  or  Ontario,  mica  area. 
That  is,  the  most  southerly  situated  mine  in  the  Province  of 
Quebec  lies  almost  forty-five  miles  in  a  direct  line  from,  and  to  the 
north-east  of,  the  most  northerly  situated  mine  in  the  Province 
of  Ontario. 
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Roughly  speaking,  the  Quebec  mica  area  is  comprised 
between  the  Gatineau  and  Lievre  Rivers — two  streams  having 
an  approximately  north  and  south  direction,  and  an  average 
distance  between  them  of  some  twenty  miles.  Mica  occurrences 
throughout  this  region  are  abundant,  and  the  northward  extent 
of  the  mica-bearing  zone  is  quite  unascertained.  Mica  has 
been  profitably  mined  in  the  township  of  Cameron,  some  eighty 
miles  north  of  Ottawa,  and  promising  outcrops  are  reported  from 
even  farther  north,  in  the  townships  of  Aumond  and  Lytton, 
beyond  Maniwaki.  Lack  of  transportation  facilities  beyond 
the  latter  place,  which  is  the  terminus  of  the  Gatineau  C.P.R. 
branch,  naturally  hinders  prospecting  or  mining  operations; 
but  the  mica-bearing  area  will  probably  be  found  to  continue  for 
a  considerable  distance  to  the  north  of  the  so-far  prospected 
region. 

Mica  occurs  also,  and  often  in  considerable  quantity, 
outside  of  the  main  district  described  above.  To  the  east 
of  the  Lievre  river,  namely,  several  large  deposits  have  been 
worked;  and  in  that  part  of  the  township  of  Hull,  west  of  the 
Gatineau  river,  and  not  a  dozen  miles  to  the  northwest  of  Ottawa, 
thousands  of  dollars  worth  of  mica  have  been  extracted  A  few 
scattered  mines  have  been  opened  also  at  various  times  in 
townships  lying  west  of  the  Gatineau ;  the  most  westerly  occur- 
rence being  in  the  township  of  Huddersfield,  and  about  thirty 
miles  from   the   Gatineau   river. 

Still  farther  to  the  east  of  the  Lievre  river,  in  Argenteuil 
county,  mica  has  been  found  in  some  quantity.  The  main 
mica-bearing  area,  however,  and  that  in  which  both  the  greatest 
number  of  mines  and  the  largest  individual  producing  properties 
are  located,  is  com.prised  within  the  four  townships  of  Templeton, 
East  Hull,  Wakefield  and  West  Portland.  The  mines  in  this 
region  are  within  easy  reach  of  Ottawa,  and  transportation 
facilities  are,  as  a  rule,  good.  The  large  number  of  lakes,  also, 
provide  short  winter  roads  and  enable  heavy  supplies  to  be  carted 
to  the  more  remote  localities. 

In  Ontario,  the  'amber'  mica  mines,  with  a  few  exceptions, 
lie  east  of  the  Kingston  and  Pembroke  Railway,  and  between 
it  and  the  sedimentary  rocks,  whose  most  westerly  extension 
lies  in  the  neighbourhood  of  the  Rideau  Lakes. 
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The  Ontario  mica  area  may  be  roughly  divided  into  two 
portions — the  southerly,  or  that  comprised  within  the  townships 
of  Loughborough  and  Bedford,  and  the  north-easterly,  which 
extends  through  the  townships  of  North  and  South  Burgess 
and  lies  around  the  Rideau  Lakes.  These  two  districts  are 
physiographically  separated  by  the  chain  of  the  Rideau  Lakes 
themselves;  and  a  geological  division  is  formed  by  a  narrow- 
tongue  of  sedimentary  limestones  which  stretches  westAvard, 
directly  south  of  the  lakes,  and  conceals  the  underlying  crystalline 
rocks. 

These,  then,  are  the  districts  in  Quebec  and  Ontario,  in 
which  the  phlogopite,  or  'amber'  mica-bearing  rocks  find  their 
development,  and  from  which  is  deri\cd  almost  the  entire  pro- 
duction of  Canadian  mica. 

The  amount  of  muscovite,  or  'white'  mica,  now  mined  is  an 
almost  negligible  quantity  and  hardly  figures  in  the  total  pro- 
duction. 

Muscovite  mining  in  Canada,  it  may  here  be  said,  has  rarely, 
if  ever,  proved  a  profitable  undertaking.  Whether  it  be  that  the 
mica  crystals  yield  sheets  which  are  too  fractured  or  too  stained 
to  be  readily  marketable;  that  the  sheets  are  not  of  the  dimen- 
sions necessary  to  obtain  a  price  commensurate  with  the  cost  of 
extraction;  or  that  the  proportion  of  mica  crystals  present  in 
the  rock  is  not  sufficient  to  pay  mining  expenses;  whatever 
the  reason,  or  reasons,  it  is  an  established  fact  that  muscovite 
mining  in  Canada  has  rarely  proved  successful.  And  this  in 
spite  of  the  fact  that  two  minerals  associated  with  the  mica 
in  the  deposits — namely  feldspar  and  quartz — -can  both  be  saved 
as  bye-products  in  many  cases.  The  value  of  each  of  these 
minerals  is  admittedly  Igw;  yet  it  is  very  often  the  case  that  the 
ability  of  a  mine  to  yield  one  or  more  bye-products  in  addition 
to  the  mineral  for  which  operations  were  originally  commenced — 
even  though  such  bye-products  be  of  relatively  low  value — 
is  the  determining  factor  in  the  successful  operation  of  the  mine. 

As  already  remarked,  muscovite  mica  is  of  wide-spread 
occurrence  throughout  Canada;  that  is,  it  is  found  at  widely- 
separated  points,  though  the  mica-bearing  dikes,  or  pegmatites, 
are    seldom    of    any    very    great    individual    extent.       These 
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pegmatites,  or,  as  they  are  also  termed,  'giant-granites,'  consist, 
as  the  designation  implies,  of  a  rock  having  the  essential  com- 
position of  a  granite,  but  differing  from  granite  in  that  two  of 
its  component  minerals,  feldspar  and  mica,  are  developed  in 
crystals  of  often  enormous  size.  Granite  not  infrequently 
grades  into  pegmatite — a  fact  that  would  seem  to  indicate  a 
variation  in  the  texture  of  the  rock,  produced  by  changes  of 
temperature  and  pressure  within  the  confined  space  of  a  fissure, 
accompanied  or  not  by  an  excess  of  water  vapour.  Pegmatites 
usually  take  the  form  of  dikes  or  belts,  and  may  have  any  width, 
from  a  few  inches  to  hundreds  of  feet.  They  are  usually  found 
traversing,  conformably  or  otherwise,  mica-schists  or  gneisses, 
and  their  occurrence  is  world-wide.  The  enormous  'white' 
mica  deposits  of  India  are  associated  with  pegmatite  dikes, 
as  are,  also,  those  of  the  United  States;  in  fact,  wherever  econo- 
mic deposits  of  muscovite  are  found,  pegmatite  is  always  the 
parent  rock.  Pegmatites,  however,  by  no  means  always  contain 
economic  deposits  of  mica.  The  latter  mineral  is  usually  present 
in  quantity,  but  it  may,  and  often  does,  occur  in  such  small 
flakes  or  scales  as  to  be  valueless. 

As  already  mentioned,  muscovite  mica  has  been  discovered 
and  worked  in  even  the  most  inaccessible  parts  of  the  Dominion. 
At  several  points  in  Labrador;  on  the  shore  of  Hudson  Straits; 
on  Cumberland  Sound,  in  Baffin  Land;  and  on  Isonglass  river, 
a  tributary  of  the  Eastmain  river,  which  flows  into  James  Bay, 
mica  has  been  found  and  mined.  At  the  latter  place,  the  lati- 
tude of  which  is  given  as  52°  35',  there  existed  what  was  probably 
the  earliest  mica  mine  in  Canada,  if  not  on  the  North  American 
continent;  for  it  is  recorded  that  a  deposit  of  'white'  mica  was 
worked  here  as  far  back  as  1685. 

In  the  Saguenay  district,  in  the  Province  of  Quebec,  also, 
muscovite  deposits  have  been  located  and  worked  at  several 
points.  The  Pied  des  JVIonts  mine,  eighteen  miles  back  of 
Murray  Bay,  on  the  north  shore  of  the  Gulf  of  St.  Lawrence, 
has  been  somewhat  extensively  worked,  and  was  equipped  a 
few  years  back  by  the  company,  which  now  owns  it,  (the  Can- 
adian General  Mining  Company,  of  Paris),  with  an  elaborate 
electric  plant.  This  plant  was  to  receive  its  power  from  the 
Murray  River,   thirteen  miles  distant.     The  machinerv  is  still 


376  Mica  Mimnc;  in  Canada — De  Schmid. 

on  the  mine,  but  has  never  been  in  operation  and  the  mine  has 
been  idle  for  the  last  four  years.  The  mica  is  of  good  quality, 
though  the  sheets  are  not  very  large.  The  muscovite  crystals, 
also,  are  frequently  intergrown  with  biotite,  or  black  mica,  which, 
of  course,  renders  them  useless.  It  would  appear  that  the  pro- 
portion of  mica  crystals  present  in  the  dikes  is  not  sufficiently 
large  to  render  mining  profitable  at  this  locality;  added  to  which 
the  cost  of  transportation  to  Murray  Bay — $8  per  ton — is  pro- 
hibitive. 

About  eighteen  miles  north-east  of  Tadoussac,  which  lies 
at  the  mouth  of  the  Saguenay  river,  is  the  Beaver  Lake  mine. 
Numerous  small  surface  pits  have  been  sunk  here,  and  mica 
seems  to  be  distributed  over  a  large  area.  The  crystals  are 
small,  however,  and  work  has  been  abandoned  for  nearly  twenty 
years.  In  the  vicinity  of  Lake  St.  John,  mica  showings  are  re- 
ported to  be  numerous,  but  little  if  any  development  on  the  de- 
posits has  been  undertaken. 

Proceeding  westward,  several  occurrences  of  'white'  mica 
are  found  in  the  very  heart  of  the  'ajnber'  mica  region.  The 
Pearson  mine,  near  Buckingham,  has  been  worked  at  various 
times  during  the  last  eighteen  years;  and  mica-bearing  pegmatite 
is  developed  on  several  of  the  adjoining  properties.  The  mica 
crystals  from  this  locality,  however,  are  almost  useless,  owing 
to  the  fact  that  they  are  what  is  known  as  'wedge-shaped,'  that 
is,  they  have  the  appearance  of  having  been  pressed  or  squeezed 
on  one  side,  in  a  direction  vertical  to  the  sheets,  so  that  the  crys- 
tals are  thicker  on  one  side  than  on  the  other.  Each  sheet  split 
from  such  a  crystal  possesses  the  same  feature;  and,  as  it  is 
essential  in  building  up  mica-plate  that  the  laminae  be  of  perfect 
uniformity  as  regards  thickness,  the  crystals  from  this  mine 
arc  valueless  for  the  purpose. 

Some  eleven  miles  north  of  the  Pearson  mine  is  the  Ville- 
ncu\c  mine.  This  property  was  opened  in  1884  and  has  been 
worked  intermittently  to  last  year.  The  present  proprietor 
is  Mr.  M.J.  O'Brien,  who  owns  a  similar  mica  deposit  across 
the  Lievre  river,  and  also  the  only  lepidolite,  or  lithia-mica, 
mine  in  Canada. 

The  Villeneuve  mine  is  the  largest  'white'  mica  mine  in 
the  country,  and  has  produced  a  large  amount  of  high  grade  mica. 
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The  sheets  are  usually  spotted  with  stains  of  iron  and  garnet, 
but  are  often  of  large  size,  and  command  a  good  price.  In  addi- 
tion, the  mine  produces  a  very  high  quality  potash  feldspar, 
of  the  variety  known  as  microcline,  and  also  a  pure  white  albite 
feldspar, —  a  variety  high  in  soda.  The  former  sells  at  as 
high  as  $20  per  ton,  and  is  used  for  manufacturing  artificial  teeth. 

The  lithia-mica  mine  above  referred  to  was  opened  a  num- 
ber of  years  ago,  the  operator  believing  the  lepidolite  to  be 
muscovite.  The  mica  occurs  in  aggregations  of  sheets  rather 
than  in  the  form  of  crystals;  the  resultant  form  having  often 
the  shape  of  a  three-sided  pyramid  with  a  flat  base,  the  interior 
of  which  consists  usually  of  quartz.  In  colour  the  mica  is  a  drab 
grey,  and  the  sheets  possess  little  or  no  lustre.  The  lithia  con- 
tent is  about  five  per  cent.,  and  the  mica  may  eventually  prove 
of  value  as  a  source  of  the  element  lithium.  After  operations 
for  mica  had  been  abandoned,  the  mine  was  worked  for  a  time 
in  an  attempt  to  extract  the  tourmaline,  which  occurs  in  some 
abundance.  This  mineral  possesses  various  colours,  the  more 
common  being  black,  pink  and  green.  It  was  thought  that 
the  quality  of  the  crystals  might  improve  in  depth  and  that 
they  would  yield  material  suitable  for  gems.  These  hopes, 
however,  were  not  realized,  and  operations  were  abandoned 
some  5^ears  ago.  The  feldspar  of  the  deposit  is  a  microcline, 
or  potash-soda  feldspar;  and  large-sized  crystals  of  amazon- 
stone,  or  green  microcline,  occur  embedded  in  the  more  common 
white  variety. 

To  the  east  of  the  Lievre  river,  in  the  township  of  East  Port- 
land, mining  has  been  undertaken  on  a  small  outcrop  of  white 
mica-bearing  pegmatite.  This  occurrence  is  interesting  mineral- 
ogically  from  the  fact  that  it  carries  biotite,  or  black  mica,  as 
well  as  muscovite.  The  association  of  these  two  varieties  of 
mica  in  one  and  the  same  deposit  is  a  noticeable  feature  of  the 
mines  in  the  Saguenay  region;  sheets  of  the  dark  and  white 
mica  being  often  found  to  alternate  in  the  crystals,  which  are 
thus  rendered  valueless.  So  far  as  known,  however,  this  is  the 
only  locality  in  the  more  westerly  mica  district  where  the  asso- 
ciation mentioned  occurs. 

Meanwhile,  reference  may  be  here  made  to  the  rare-earth 
minerals,   which   have   so  frequently  been  described,   from  the 
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various  mica-bearing  pegmatites  of  both  the  Saguenay  and  Lake 
St.  John  regions,  and  also  of  Ottawa  county.  Much  attention 
was  attracted,  some  ten  years  ago,  to  the  known  occurrence 
in  various  of  the  'white'  mica  mines  in  Quebec  Province  of 
certain  minerals  containing  rare-earths,  namely,  oxides  of  ura- 
nium, yttrium,  thorium,  and  the  cerium  group.  The  then 
recently-discovered  element  radium  was  attracting  much  remark 
at  the  time,  and,  since  radium  had  been  found  to  occur  in 
minerals  containing  uranium,  (which  element  was  known  to  be 
often  closely  associated  with  thorium  and  cerium  in  certain  rare 
minerals,  found  principally  in  Norway,)  it  was  surmised  that 
the  mica-bearing  pegmatites  of  Canada  might  prove  an  impor- 
tant source  of  radium-bearing  minerals.  These  hopes,  however, 
were  not  and  are  never  likely  to  be  realized.  To  the  present, 
three  minerals  containing  radium  have  been  identified  from 
pegmatites  in  the  Province  of  Quebec,  namely,  samarskite,  urani- 
nite  or  pitchblende  (the  mineral  in  which  radium  was  originally 
discovered)  and  cleveite,  a  variety  of  the  last-named,  which 
contains  a  considerable  percentage  of  the  oxides  of  the  yttrium 
group.  In  addition  to  the  above,  there  is  also  found,  at  the 
Villeneuve  mine,  in  Ottawa  county,  a  yellow  or  orange  coloured 
mineral  called  gummite.  This  is  an  alteration  product  of  pitch- 
blende, which  also  contains  radium,  and  is  found  surrounding 
the  small  buttons  of  the  latter  mineral,  which  are  occasionally 
found  at  this  mine.  At  the  Pied  des  Monts  mine,  in  Charlevoix 
county,  a  species  of  anthraxolite  is  found  embedded  in  the  feld- 
spar and  quartz.  This  mineral  is  a  hydrocarbon  compound, 
and  appears  to  be  an  alteration  product  of  liquid  bitumen  or 
asphalt.  The  samples  from  the  Pied  des  Monts  mine  yielded, 
on  analysis,  forty  per  cent,  volatile  matter,  fifty-two  per  cent, 
fixed  carbon,  and  seven  per  cent.  ash.  This  ash  was  examined 
and  found  to  contain  over  thirty-five  per  cent  of  uranium  oxide; 
in  addition  to  which  it  has  been  shown  to  be  perceptibly  radio- 
active. Amongst  other  rare-earth  minerals  which  have  been 
reported  from  the  mica-bearing  pegmatites  of  Quebec,  are  mona- 
zite,  cerite,  fergusonite,  gadolinite,  and  orthite,  while  beryl  and 
zircon  occur  at  the  Villeneuve  mine. 

While  the  occurrence  of  the  above-mentioned  rare  minerals 
is  of  mineralogical  interest,  their  presence  in  quantity  at  any 
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one  mine  is  far  too  small  to  encourage  a  belief  that  they  can  ever 
become  the  objective  of  mining  operations,  or  can  even  be  sa\-ed 
economically  as  a  bye-product  of  mica  or  feldspar  mining. 

Proceeding  still  farther  to  the  westward,  we  find,  in 
the  Province  of  Ontario,  a  number  of  now  almost  entirely 
abandoned  'white'  mica  mines.  One  of  these,  the  Pike  Lake 
mine,  in  the  township  of  North  Burgess,  was  probably  the  first 
mica  mine  to  be  operated  to  any  extent  in  the  Province.  An 
American  syndicate,  named  the  New  York  Mica  Company, 
had  a  force  of  twenty  men  employed  here  as  far  back  as  1869; 
the  mica  being  shipped  to  the  United  States,  where  it  presum- 
ably found  use  in  the  stove  industry.  The  mica  from  this  mine 
is  probably  neither  phlogopite  nor  muscovite.  It  is  a  somewhat 
hard  and  brittle  variety,  of  a  pale  yellow  colour,  and  strongly 
resembles  that  found  at  the  Richardson  mine,  in  the  township  of 
Loughborough,  and  that  from  a  small  mine  in  the  township  of 
Bedford.  All  three  deposits  are  quite  unlike  the  usual  type  of 
'amber'  mica  occurrence,  and  are,  also,  quite  distinct  from 
muscovite  .deposits. 

West  of  the  Kingston  and  Pembroke  Railwa\-,  'white'  mica 
occurrences  are  found  in  various  townships;  and  small  mines  have 
been  opened  at  several  points  in  Renfrew,  Hastings  and  Adding- 
ton  counties.  In  the  Parry  Sound  district,  deposits  of  muscovite 
were  exploited  in  a  small  way  in  the  early  mica-mining  days; 
and  on  the  Petawawa  river,  in  the  Sudbur\-  district,  and  around 
Lake  of  the  Woods,  'white'  mica  has  been  reported  to  occur  in 
some  quantity.  Most  of  the  mines  in  the  districts  quoted  were 
opened  in  the  late  'eighties'  and  early  'nineties',  and  the  maj- 
ority of  them  discontinued  work  after  a  few  months.  At  the 
present  time,  there  would  appear  to  be  no  'white'  mica  mines  in 
operation  in  Ontario. 

What  may  possibly  prove  to  be  extensive  and  valuable 
deposits  of  muscovite  have  lately  been  engaging  the  attention  of 
mining  men  in  Western  Canada.  These  deposits  are  situated 
in  the  neighbourhood,  more  or  less,  of  the  Yellow  Head  Pass, 
and  have  been  known  for  a  number  of  years.  Mr.  J.  McEvoy, 
of  the  Geological  Survey,  reported  a  force  of  twelve  men  at  work 
upon  an  occurrence  of  muscovite,  a  considerable  distance  to  the 
north  of  Donald,  in  1895.     The  mine  lav  about  150  miles  from 
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the  nearest  railway,  and  the  mica,  as  well  as  supplies,  had  to 
be  transported  by  means  of  pack-horses.  Mica  outcrops  are 
said  to  be  plentiful  in  this  district;  and  samples  of  sheets  from 
various  localities,  though  taken  in  most  cases  from  near  the  sur- 
face, are  of  fair  quality  and  size.  South  of  the  Yellowhead  Pass 
district,  on  Mica  and  Yellow  creeks,  which  lie  a  few  miles  south 
of  Big  Bend  on  the  Columbia  River,  promising  outcrops  of  mica 
have  been  found;  and  samples  sent  to  the  Mines  Branch  of  the 
Department  of  Mines  were  as  good  as  much  of  the  marketable 
mineral  originating  from  mines  in  the  East. 

With  the  advent  of  the  Grand  Trunk  and  Canadian  Northern 
Railways,  which  will  traverse  the  Yellow  Head  Pass,  communica- 
tion with  the  mica-bearinf"  districts  will  be  provided,  and  a 
thorough  prospecting  of  the  ../ea  and  a  testing  of  the  economic 
value  of  the  deposits  may  be  anticipated  in  the  near  future. 
Already  the  numerous  samples  of  British  Columbia  mica  sub- 
mitted to  the  Mines  Branch,  and  the  frequent  enquiries  received 
regarding  mica  and  its  properties  and  value,  indicate  that  an 
active  interest  is  being  taken  in  the  possibilities  of  this  hitherto 
practically  unexploited  mica-field.  It  is  to  be  hoped  that  more 
success  will  attend  the  operations  of  mica-miners  in  the  West 
than  has  been  experienced  by  the  majority  of  'white'  mica  opera- 
tors in  the  East. 

Mining  Methods 

Mica  deposits  in  Canada,  whether  of  the  'amber'  or  'white' 
variety,  possess  a  sufficient  degree  of  similarity  in  the  mode 
of  occurrence  of  the  mineral  to  have  called  for,  in  most  instances, 
practically  identical  methods  of  development.  This  statement 
may  be  modified,  perhaps,  by  the  further  announcement  that, 
in  the  great  majority  of  cases,  only  the  simplest  and  most  ele- 
mentary methods  of  extracting  the  mineral  have  been  employed. 
The  greater  number  of  mica  mines  might  more  properly  be  termed 
'quarries,'  if  the  definition  of  the  word  'quarry'  as  implying 
"an  excavation  open  at  the  top  and  front"  be  accepted. 

The  provoking  feature  about  mica  deposits  of  both  'white' 
and  'amber'  varieties,  from  the  point  of  view  of  the  miner,  is 
the  impersistency  of  the  leads  or  'shoots'  of  mica.     Experience, 
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often  dearly  bought,  has  shown  that  there  are  rarely  indications 
which  miners  may  rely  on  with  any  degree  of  certainty,  in  the  fol- 
lowing of  mica-bodies.  The  mineral,  as  any  mine  foreman 
will  sadly  attest,  is  "here  to-day  and  gone  tomorrow"  or  the 
other  way  round.  It  may  here  be  said  that  'amber'  mica  de- 
posits have  been  divided,  more  or  less  theoretically,  into  three 
types:  (1)  true  fissure  deposits;  (2)  pocket  and  fissure  deposits; 
and  (3)  contact  deposits.  The  divisions  between  these  main  types 
are  by  no  means  distinct  in  every  case;  and  it  is  often  difficult 
to  perceive,  at  first,  with  which  type  one  has  to  deal.  The  pocket 
and  fissure  type  is,  however,  the  most  frequently  met  with,  and 
is  the  class  of  deposit  that  has  been  exploited  in  the  majority 
of  the  mines.  As  the  name  implies,  the  mica  occurs  in  pockets 
or  accumulations  in  the  mass  of  the  rock-matrix;  and  these 
pockets  are  frequently  joined  together  by  fissures  carrying 
smaller  or  greater  amounts  of  mica.  Often,  however,  the  fissures 
are  so  narrow  that  they  are  merely  small  stringers,  and  are 
exceedingly  difficult  to  follow.  Even  if  they  can  be  followed, 
they  are  by  no  means  a  sure  indication  of  the  immediate  prox- 
imity of  another  pocket  of  mica.  Such  stringers  or  fissures  may 
traverse  a  hundred  feet  or  more  of  barren  rock  before  widening 
into  an  extensive  body  of  mica;  or  they  may  just  as  likely  come 
to  an  abrupt  end  by  'petering  out,'  or  by  meeting  with  a  slip 
in  the  rock.  Such  fissures,  therefore,  are  not  a  dependable 
indication  to  follow  in  seeking  for  further  mineral  bodies;  and 
the  inexperienced  miner  is  just  as  likely  to  discover  new  pockets 
of  mica  as  the  old  hand.  The  only  advantage  that  the  experi- 
enced mica-miner  possesses  over  the  beginner  is  that  he  knows 
usually  when  to  stop;  and  even  this  knowledge  may  play  him 
false.  An  instance  of  this  is  afforded  by  the  Lacey  mine,  now 
owned  and  operated  by  the  General  Electric  Company.  A 
former  owner  of  the  mine  had  continued  operations  for  some  time 
and  was  engaged  in  sinking  on  a  small  mica  lead,  without  re- 
ceiving any  very  encouraging  results.  \'^isiting  the  mine  on  one 
occasion,  and  hearing  from  his  foreman  that  prospects  were  no 
brighter,  he  ordered  that  the  men  be  forthwith  called  up  from  the 
shaft.  The  foreman  suggested  that  a  round  of  shots,  for  which 
the  holes  were  almost  ready,  be  fired  before  work  was  abandoned ; 
but  the  owner  insisted  that  the  men  be  called  up  at  once,  and  the 
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mine  was  closed.  It  was  later  sold  to  the  present  owners, 
and  when  operations  were  re-commenced,  the  round  of  holes 
left  by  the  previous  operator  was  found,  loaded  and  fired;  with 
the  result  that  the  enormous  body  of  mica  was  entered,  which 
has  enabled  the  present  owners  to  sustain  operations  for  the  last 
ten  or  twelve  years,  and  which  is,  even  now,  by  no  means  ex- 
hausted. 

True  fissure  deposits  are  not  of  such  frequent  occurrence  as 
the  type  just  mentioned.  They  are  easier  to  follow,  as  they  usu- 
ally pursue  a  straight  course  downward,  being  sometimes  verti- 
cal and  sometimes  inclined.  Such  fissure  deposits  are  not  often 
of  great  extent  either  along  their  strike  or  laterally,  an  average 
width  being  about  six  feet,  and  a  length  of  over  one  hundred 
feet  being  the  exception.  To  counterbalance  the  ease  with  which 
such  a  deposit  may  be  followed  and  the  relatively  fewer  diffi- 
culties which  present  themselves  in  extracting  the  mica,  the  crys- 
tals present  in  such  a  fissure  are  frequently  found  to  be  both 
small  and  of  low  grade,  and  are  often  much  crushed.  In  many 
instances  the  mica  appears  to  have  been  deposited  mainly  on 
one  or  both  of  the  walls  of  the  fissure;  the  filling  being  composed 
chiefly  of  calcite,  with,  perhaps,  apatite  and  a  few  mica  crystals 
scattered  through  it.  The  walls  of  such  fissure  deposits  are  fre- 
quently found  to  be  lined  with  a  dense  mass  of  small  and  value- 
less mica  crystals,  orientated  at  all  manner  of  angles  to  one 
another.  The  walls  of  pocket-deposits  of  mica,  on  the  other 
hand,  are  seldom  composed  of  mica  crystals;  in  fact  such  de- 
posits seldom  possess  definite  walls,  and  when  they  do,  pyroxene 
is  usually  the  component  mineral.  The  depth  to  which  such 
fissures,  carrying  mica,  may  descend,  is  completely  unascertained. 
Few  deposits  of  this  class  have  been  followed  down  to  a  greater 
depth  than  a  hundred  feet  or  so,  owing  to  the  generally  small 
percentage  of  merchantable  mica  present.  Directly  pumping 
operations  become  necessary,  and  mining  expenses  increase, 
the  pits  are  usually  abandoned. 

In  some  cases,  a  number  of  parallel  fissures  are  found  at 
distances  ranging  from  six  feet  to  one  hundred  feet  from  one 
another.  An  example  of  such  a  deposit  is  the  Bobs  Lake  mine, 
in  the   township  of   Bedford,   Ont.,   where   more  than  a  dozen 
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parallel  leads  have  been  worked.     The  distance  between  these 
leads  varies  from  eight  to  fifteen  feet. 

Where  a  series  of  such  parallel  fissure  veins  situated  at  short 
distances  one  from  another  is  found,  the  most  advantageious 
system  of  working  would  be  by  means  of  cross-cuts  and  stoping. 
Such  methods,  however,  are  practically  unknown  in  mica- 
mining;  the  usual  and  almost  universal  plan  being  to  open  small 
pits  on  the  individual  veins,  and  to  sink  as  long  as  the  mica  holds 
out  in  any  quantity.  As  soon  as  the  fissure  narrows  or  a  barren 
spot  is  encountered  work  ceases  and  the  miner  proceeds  to 
prospect  the  surface  for  a  new  lead.  The  principle  of  "take  out 
all  there  is  in  sight  and  then  quit"  actuates  the  majority  of 
operators.  This  is  especially  evident  in  the  case  of  deposits 
of  the  pocket  type,  and  it  is  perhaps  only  natural  that  it  should 
be  so.  Knowing  the  sporadic  nature  of  such  mica  bodies,  it 
is  obviously  thes  afer  plan  for  an  operator  to  "clean  out"  a 
rich  surface  pocket  of  mineral,  and  to  then  proceed  elsewhere 
on  the  chance  of  finding  another  pocket.  Should  he  attempt 
to  drift  or  sink,  once  the  main  body  of  mica  has  been  extracted, 
in  an  effort  to  strike  another  pocket,  the  chances  are  even  that 
he  will  meet  with  nothing  but  barren  rock  for  many  feet.  Many 
small  operators  have  grown  rich  in  taking  out  surface  pockets 
of  mica,  which  in  some  cases,  have  necessitated  a  pit  not  exceed- 
ing fifteen  feet  in  depth;  while,  on  the  other  hand,  a  far  larger 
number  have  lost  money  in  endeavouring  to  follow  small  mica 
stringers,  in  the  belief  that  they  would  lead  to  larger  bodies  of 
mineral. 

The  third  type  of  mica  deposits,  nmaely  the  contact  class, 
possesses  a  similar  well-defined  character  to  the  fissure  type. 
Such  deposits  are  usually  found  along  the  contact  of  pyroxenite. 
with  gneiss,  or  pyroxenite  with  crystalline  limestone,  and  are 
often  of  considerable  lateral  extent.  They  usuall}'  carry  even 
more  calcite  associated  with  the  mica  than  the  fissure  beins,  but 
in  their  general  character  resemble  these  latter  closely.  They 
may  even  be  regarded  as  a  modification  of  true  fissure  deposits. 
The  particular  method  adopted  to  mine  any  individual 
mica-deposit  is  governed,  in  most  cases,  by  the  nature  of  the 
deposit  and  its  location.  A  pocket  deposit  of  mica,  whether  it 
be  located  on  a  level  surface  or  on  the  side  of  a  hill,  ridge  or  knoll, 
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is  almost  invariably  worked  quarry-fashion.  A  small  pit  is 
opened  on  the  most  promising  looking  pocket,  and  drifting  or 
sinking,  or  both,  are  continued  as  long  as  the  mica  holds  out. 
Perhaps  several  pits  may  be  opened  simultaneously  to  be  later 
connected  and  so  form  one  large  excavation.  In  a  few  instances, 
where  exceptionally  large  bodies  or  pockets  of  mica  were  encoun- 
tered, or  where  the  operator  was  possessed  of  sufficient  capital 
or  faith  in  his  luck  or  judgement,  a  real  effort  was  made  to  prove 
the  value  of  the  property;  and  the  deposit  was  worked  system- 
atically by  means  of  a  vertical  or  inclined  shaft,  from  which 
levels  were  run  in  an  endeavour  to  pick  up  new  bodies  of  mineral. 
In  some  cases,  also,  the  owner  has  resorted  to  diamond  drilling; 
but  the  impersistent  nature  of  mica  deposits,  and  the  habit 
pockets  and  fissures  have  of  suddenly  widening  and  narrowing, 
render  even  this  method  of  testing  a  deposit  unreliable. 

The  small  proportion  of  operators  who  have  been  either  able 
or  willing  to  prove  the  extent  of  their  deposits  by  means  of  test 
shafts,  with  levels  at  various  depths,  is  shown  by  the  fact  that 
out  of  over  250  mica  properties  visited  by  the  author,  not  a 
dozen  had  ever  been  worked  as  mines;  that  is  to  say,  almost 
the  entire  number  could  be  placed  in  the  quarry  class,  being 
open  to  the  sky  and  the  work  conducted  by  daylight. 

True  fissure-deposits,  on  the  side  of  a  ridge  and  striking 
across  it,  are  often  worked  by  means  of  short  adits,  and  the  vein 
is  stoped  out  in  the  usual  way.  In  other  cases,  the  vein  is  cut 
back  to  its  full  height  as  work  proceeds,  and  the  waste  tipped 
down  the  side  of  the  hill.  Although  this  latter  method  entails 
the  handling  of  more  dead  rock,  the  waste  is  easily  disposed  of, 
and  no  hoisting  is  necessary;  besides  which  the  pit  drains  itself. 
Such  a  deposit  situated  on  the  summit  of  a  hill  or  in  a  level 
country  has  to  be  worked  by  means  of  one  or  more  shallow  pits, 
from  which  drifting  may  be  carried  out  in  either  or  both  di- 
rections simultaneously;  the  pits  eventually  running  into  one 
another,  when  the  same  method  is  repeated.  In  some  cases, 
a  deeper  pit  is  sunk  and  a  drift  run  along  the  lead,  from  which 
stoping  of  the  roof  is  carried  out;  stuUs  and  lagging  being  sub- 
sequently inserted,  and  stoping  continued  until  the  surface  is 
reached. 
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It  will  thus  be  observed  that  mica  mining  in  Canada  is, 
for  the  most  part,  carried  on  in  a  somewhat  haphazard  manner; 
and  it  will  be  readily  perceived  that  the  methods  adopted  must 
render  the  openings  decidedly  unsafe  after  a  relatively  shallow 
depth  shall  have  been  reached.  In  fact,  in  some  cases,  it  has 
been  necessary  to  abandon  pits  on  this  account  when  they  were 
no  more  than  thirty-five  feet  below  the  surface. 

One  of  the  deepest  mica  mines  ever  worked  in  Canada  is 
the  Lake  Girard,  situated  in  the  township  of  Wakefield,  Que., 
and  about  twenty-one  miles  north-east  of  Ottawa.  This  mine, 
during  the  five  years  it  was  in  active  operation,  from  1891  to 
1896,  produced  an  enormous  amount  of  mica;  an  output  of  4^ 
tons  of  rough  cobbed  mineral  per  diem  being  maintained  for 
a  large  part  of  the  time.  The  total  depth  reached  in  the  workings 
was  210  feet;  and  a  number  of  levels  were  run  from  the  main 
shaft  along  leads  of  mica.  The  expense  incurred,  in  this  instance, 
by  the  extensive  underground  testing  and  prospecting  work  which 
was  carried  out,  proved  to  be  justified;  and  there  is  reasonable 
ground  for  belief,  that,  but  for  the  reckless  extravagance  and 
mismanagement  which  eventually  compelled  the  owners  to 
abandon  operations,  the  mine  might  be  actively  productive  at 
the  present  time. 

The  Lacey  mine,  near  Sydenham,  Ont.,  has  attained  a 
vertical  depth  of  185  feet;  while  the  abandoned  Stoness  mine, 
in  the  township  of  Bedford,  Ont.,  was  carried  to  a  greater  depth 
than  any  other  mica  mine  in  Canada,  the  main  shaft  having  been 
sunk  to  450  feet.  This  shaft,  by-the-way,  was  inclined  42° 
at  the  surface  and  flattened  to  20°  at  the  bottom.  Originally 
worked  by  means  of  a  shaft,  from  which  levels  were  run  every 
22  feet,  the  Lacey  mine  is  now  being  operated  by  open-work 
methods.  About  six  years  ago  it  was  decided  to  start  sinking 
from  the  surface  and  pick  up  the  levels  as  work  proceeded. 
Accordingly,  a  pit  measuring  60  x  70  feet,  was  started  about  60 
feet  south-east  of  the  shaft-house,  and  this  excavation  is  now 
about  70  feet  deep.  Hoisting  is  undertaken  by  means  of  a  large 
derrick,  operated  by  steam.  The  Lacey  mine  is,  at  present, 
the  largest  producer  of  mica  in  Canada.  Its  entire  output  is 
shipped  in  a  rough-cobbed  state  to  the  Company's  trimming- 
shops  at  Ottawa,  where  the  sheets  are  thin-split,  the  finished 
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product  being  sent  to  the  General  Electric  Company's  factory 
at  Schenectady,  N.Y.,  where  it  is  manufactured  into  mica-plate. 

In  addition  to  the  Lacey,  there  is  but  one  other  mica  mine, 
worthy  the  designation,  now  in  operation  in  Canada.  This 
is  the  Blackburn  property,  belonging  to  Messrs  Blackburn 
Bros.,  of  Ottawa,  and  situated  in  the  township  of  Templeton, 
about  eighteen  miles  north-east  of  Ottawa.  The  old  workings 
of  this  mine,  which  are  now  in  a  somewhat  unsafe  condition, 
have  been  temporarily  abandoned ;  and  a  new  opening  has  been 
made  on  an  inclined  and  well-defined  lead  of  mica  situated  about 
half  a  mile  distant  from  the  old  pit.  A  7  ft.  x  10  ft.  shaft  has 
been  sunk  to  a  depth  of  two  hundred  feet,  on  an  incline  of 
about  60°;  and  three  levels  have  been  run  in  a  westerly  direc- 
tion at  60,  100  and  147  feet.  These  levels  each  extend  for  one 
hundred  feet  from  the  shaft;  and  overhead  stoping  of  the  vein 
is  in  progress.  The  average  width  of  the  mica-body  is  about 
eight  feet;  and  the  crystals,  which  are  of  fair  size,  occur  dis- 
seminated in  a  vein-filling  of  pink  calcite.  The  mine  is  lit  by 
electricity,  and  the  drills,  hoist  and  pumps  are  operated  by  air. 
About  a  dozen  men  were  employed  when  the  mine  was  visited  in 
September  last,  and  a  considerable  output  of  small  but  high- 
grade  mica  was  being  maintained.  A  small  quantity  of  phosphate 
is  also  obtained  from  this  pit. 

Another  important  mica  property  in  the  same  township 
is  the  Wallingford  mine.  Like  many  another  mica  mine  in 
Canada,  this  property  was  originally  worked  for  phosphate; 
the  mica  found  being  discarded  and  run  on  to  the  dumps.  There 
is  a  large  steam  plant  on  the  mine;  and,  although  work  has 
been  discontinued  for  several  years,  a  large  quantity  of  valuable 
mica  in  sight  in  the  pits  is  reported.  The  total  output  of 
trimmed  mica  from  this  one  mine  has  been  estimated  to  have 
been  over  3,600  tons. 

In  the  majority  of  cases,  mica  outcrops  are  first  of  all  ex- 
ploited in  a  small  and  very  primitive  way  by  the  owner  of  the 
property,  who  is  often  a  farmer,  or  by  a  lessee,  who  either  se- 
cures an  option  or  works  under  royalty  to  the  owner.  Should 
the  mica  body  consist  merely  of  a  pocket,  work  is  usually  aban- 
doned as  soon  as  all  the  mineral  in  sight  has  been  extracted  and 
the  pit  then  fills  with  water  and  eventually  becomes  overgrown 
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with  vegetation.  Hundreds  of  such  small  pits  are  to  be  found 
scattered  throughout  the  mica  areas  in  Ontario  and  Quebec. 
In  many  cases,  the  depths  of  these  excavations  do  not  exceed 
ten  or  fifteen  feet.  Should,  on  the  other  hand,  the  richness 
of  the  mica-bodyjincrease,  or  the  pocket  show  signs  of  continuing 
in  depth,  an  operator  possessed  of  some  capital,  or  a  small  syndi- 
cate, will  sometimes  acquire  the  property,  install  a  small  steam 
plant,  and  proceed  to  sink  on  the  lead  or  pocket.  The  number 
of  men  employed  in  a  mica  mine  is  generally  inconsiderable, 
a  dozen  or  fifteen  being  the  usual  force  in  a  promising  mine. 
This  is  the  average  number  employed  in  the  Blackburn;  and 
the  General  Electric  Company,  operating  the  largest  mine  in 
the  country,  have  a  gang  varying  from  30  to  45. 

The  uncertainty  attending  mica-mining,  and  the  large 
amount  of  waste  rock  which  must  be  handled  usually  soon 
discourage  small  operators,  and  account  for  the  large  number  of 
abandoned  mines  to  be  found  throughout  the  country.  Few 
companies  possessed  of  sufificient  capital  to  enable  them  to  carry 
on  extensive  test  work  on  a  property,  or  to  continue  mining  long 
in  lean  or  barren  ground,  have  acquired  mica  properties  in 
Canada.  The  result  is  that  the  impression  prevails  amongst 
small  operators  that  mica  deposits  are  confined,  in  most  instances, 
to  the  immediate  surface,  and  that  the  pockets  and  leads  tend 
to  become  poorer  in  depth.  This  supposition  meets  with  no 
support  from  actual  results;  for  in  the  half  dozen  instances 
where  shafts  have  been  sunk  a  couple  of  hundred  feet  or  over, 
mica  was  still  found  in  considerable  quantities  at  the  bottom. 
Mining  costs,  however,  at  such  depths,  including  the  expense  of 
pumping — for  mica  mines  are  often  very  wet — generally  result 
in  the  discontinuation  of  operations,  even  when  the  workings 
are  in  good  mineral.  The  fact  that  mica  has  been  found  in 
quantity  at  depths  of  two  and  three  hundred  feet,  however, 
upsets  the  theory  that  deposits  are  confined  to  the  surface; 
and  the  surface  pockets  which  have  been  cleaned  out  by  small 
operators  all  through  the  mica-bearing  districts  are  quite  likely 
to  be  merely  the  upper  portions  of  extensive  lower-lying  bodies 
of  mica. 

The  vital  question,  of  course,  in  mica,  as  in  any  other  mining, 
is  whether  the  mineral  exists  in  sufficient  amount  in  the  rock 
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to  render  its  extraction  profitable.  But  another  factor,  which  is 
often  of  as  much  importance  as  the  width  and  extent  of  the  vein, 
is  the  grade  and  quality  of  the  mineral.  The  value  of  mica  in 
the  market  is  dependent  upon  the  size  of  the  sheets,  the  degree 
of  cleavage,  and  the  freedom  from  cracks,  flaws  and  inclusions  of 
foreign  mineral.  Hardness  and  colour  also  affect  values  mate- 
rially. These  last  are,  however,  governed  largely  by  the  chemi- 
cal composition  of  the  mineral,  and  are  usually  constant  in  one 
and  the  same  deposit.  It  is  the  physical  imperfections  of  mica 
that  render  so  large  a  percentage  of  the  output  of  some  mines 
comparatively  valueless.  It  is  frequently  the  case  that  tons 
of  mineral  must  be  discarded  and  placed  on  the  dump  because 
crystals  are  too  crushed  and  flawed  to  yield  sheets  of  even  the 
smallest  dimensions  required  by  the  trade.  This  crushing  of 
the  mica,  due  often  to  slips  or  earth-movements  after  the  forma- 
tion of  the  crystals,  is  a  circumstance  that  can  hardly  be  foreseen 
by  miners.  Often  enough,  one  portion  of  a  pocket  or  vein  is 
found  to  yield  crystals  of  perfect  form  and  quality,  while  the 
other  contains  only  a  confused  mass  of  broken  and  crushed 
mineral.  In  another  case,  the  crystals  may  contain  so  much 
foreign  mineral  matter  (usually  calcite  or  quartz)  between  the 
laminae,  that  the  splitting  quality  of  the  sheets  is  seriously 
affected.  It  is  evident,  therefore,  that  quality  of  the  mineral 
is  an  even  more  important  factor  than  quantity,  and  that 
the  description  "an  extensive  deposit  of  mica"  does  not  neces- 
sarily imply  an  economically  valuable  one.  Any  valuation  of 
a  mica  deposit,  based  upon  surface  indications,  must  necessarily 
be  merely  tentative;  for  this  tendency  of  mica  bodies  to  occur 
in  sporadic  and  pocketty  fashion  renders  any  estimate  of  their 
extent  and  value  a  matter  of  pure  conjecture,  upon  which  no 
definite  reliance  can  be  placed.  The  actual  economic  value  of 
a  mica  deposit  can  only  be  determined  from  results;  and  the  more 
experienced  a  mica-miner  the  less  would  he  venture  an  estimate 
of  the  value  of  an  unexploited  deposit. 

Enough  has  been  said  to  show  that  the  nature  of  mica-bodies 
renders  their  exploitation  a  matter  of  much  uncertainty  and 
hazard;  and  when  it  is  added  that  about  one-fourth  of  the  total 
value  of  the  mica  produced  in  Canada  each  year  is  derived  from 
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one  mine,  it  is  evident  that  the  percentage  of  large  and  suc- 
cessful operators  is  not  high. 

The  total  value  of  production  for  the  year  1911 — the  latest 
year  for  which  returns  are  available — was  $128,677.  Respecting 
production  returns,  however,  little  reliance  can  be  placed  upon 
the  figures  submitted  by  operators  as  indicating  the  amount 
of  mica  actually  mined  in  any  one  year,  and  returns  from 
this  source  may  lead  to  entirely  erroneous  conclusions.  Thus 
mica  may  be  sold  in  three,  or  even  four,  entirely  distinct  forms, 
the  value  of  any  one  of  which  is  no  indication  of  the  value  of 
the  other,  although  the  returns  often  do  not  recognize  this  fact. 
Miners  of  mica  may  dispose  of  their  output  in  either  or  all  of 
the  following  ways:  they  may  sell  the  crude  product  of  the  mine, 
or  what  is  known  as  rough-cobbed  mica;  they  may  shape  and 
trim  the  rough  sheets,  and  dispose  of  them  in  the  form  known  as 
'culled'  or  'thumb-trimmed'  or  they  may  split  the  sheets  still 
thinner  and  sell  the  finished  product  direct  to  the  manufacturers 
of  mica-plate.  In  this  last  state,  the  mica  sheets  must  be  split 
to  the  thinness  of  one  or  two  mm.,  the  sheets  or  flakes  being  then 
known  as  'thin  splittings.'  It  is  obvious  that  the  value  of  the 
last  product,  due  to  the  cost  of  labour  entailed  in  the  splitting, 
is  materially  greater  that  than  of  the  crude  mine;  the  splitting 
process  corresponding  to  refining  in  the  case  of  metals.  It  is 
difficult  to  form  an  estimate  of  just  how  much  thumb-trimmed 
or  thin-split  mica  can  be  produced  from  a  given  amount  of  crude 
or  rough-cobbed  mineral,  and  of  its  value.  For  example,  suppos- 
ing, as  often  happens,  that  one  operator  disposes  of  his  mineral  in 
a  rough -cobbed  condition,  while  another  either  thumb-trimmed 
or  thin-splits  the  output  of  his  mine,  selling  it  at  a  correspondingly 
higher  price,  it  is  clear  that  an  attempt  to  form  a  correct  esti- 
mate of  the  real  value  of  productions  from  the  returns  of  the  two 
operators  is  not  possible.  When  the  same  thing  happens  many 
times  over  results  become  even  more  vague. 

The  market-price  of  mica  is  governed  largely  by  mica 
brokers,  who  buy  up  stocks  of  the  mineral  for  disposal  to  con- 
sumers; and  prices  are  always  quoted  for  thumb-trimmed 
sheets,  values  depending  essentially  on  the  size  of  the  sheets. 

Still  another  fact  which  further  complicates  production 
returns  is  that  operators  can  place  no  correct  value  on  their 
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output  until  it  is  marketed.  Since,  in  many  instances,  miners 
make  a  practice  of  accumulating  large  stocks  of  mica  in  the 
thumb-trimmed  form,  no  returns  of  values  of  productions  may 
be  furnished  for  several  years,  although  the  mine  may  be  in 
continuous  operation.  Then,  if  the  entire  stock  of  mica  is 
marketed  at  one  time,  the  particular  mine  appears  as  an  enor- 
mous producer  at  a  time  when,  perhaps,  no  work  at  all  is  being 
prosecuted.  Thus,  the  production  totals  for  the  individual 
years  must  be  understood  to  comprise  both  the  values  of  actual 
production  and  the  values  of  sales  during  the  twelve  months, 
and  to  afford  a  very  unreliable  index  as  to  the  actual  mining 
performed  during  the  year  in  question. 

The  utilization  of  the  smaller  grades  of  mica,  which,  up  to 
a  few  years  ago,  were  discarded  as  worthless,  has  led  to  the 
recovery  of  mineral  from  most  of  the  dumps  of  the  old  mica  and 
phosphate  mines.  These  dumps  have  yielded  large  quantities 
of  valuable  mica;  and  some  of  the  first  to  be  turned  to  account 
have  recently  been  exploited  a  second  time  for  the  recovery  of 
the  smaller  sizes,  which,  even  four  or  five  years  ago,  were  still 
regarded  as  useless.  The  demand  for  these  smaller  grades  of 
mica  has  resulted  in  the  purchase  of  old  waste  heaps  from  the 
culling  shops;  and  the  amount  of  small  waste  mica  scattered 
about  the  various  mines  is  steadily  decreasing.  Nowadays, 
indeed,  there  is  very  little  of  what  was  originally  regarded  as 
waste  that  cannot  be  employed  for  some  purpose;  even  the 
smallest  grades  of  scrap  being  ground  and  used  in  the  manu- 
facture of  paints  and  lubricants. 

Of  the  three  great  mica-producing  countries  of  the  world, 
Canada  now  ranks  third,  the  United  States  second  and  India 
first.  It  is  difificult,  however,  to  ascertain  the  correct  current 
position  of  different  countries  as  producers,  owing  to  the  fact 
that,  in  some  cases,  the  returns  may  refer  to  the  fiscal,  and  in 
others,  to  the  calendar  year;  disregarding  the  fact  that  ofificial 
figures  are  in  some  cases  not  available  until  a  couple  of  years  or 
so   after    the    period    in   question. 

Since,  as  a  general  thing,  only  the  simplest  and  cheapest 
machinery  is  employed  in  the  development  of  mica  deposits, 
there  is  little  in  the  actual  methods  of  mining  pursued  to  require 
special  mention.     With  the  exception  of  some  half  dozen  mines. 
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which  have  been  developed  on  a  large  scale  by  syndicates  possessed 
of  adequate  capital,  few  of  the  mica  properties  in  this  country 
are  equipped  with  other  than  the  simplest  form  of  plant, 
if,  indeed,  they  are  provided  with  any  plant  at  all.  As  a  rule, 
when  a  pit  has  been  carried  down  to  a  depth  which  necessitates 
pumping,  or  at  which  hoisting  by  means  of  the  ordinary  horse- 
whim  or  hand-winch,  connected  with  a  derrick,  becomes  difficult, 
a  small  portable  boiler,  sufficient  to  operate  the  hoist,  a  light 
pump  and  perhaps  one  or  two  steam  drills,  is  set  up.  A  small 
plant  of  this  description  is  easily  moved,  and  can  be  dismantled 
in  a  few  hours  and  taken  to  another  part  of  the  property. 

As  regards  drilling  in  mica  deposits,  the  nature  of  the  mineral 
and  the  care  that  must  be  exercised  in  its  extraction,  do  not 
permit  of  very  rapid  progress.  Much  attention  must  be  paid 
to  the  location  of  drill  holes,  which  are  so  placed  as  to  do  the  least 
damage  to  the  mica  crystals.  When  mineral  in  quantity  is 
present  in  the  rock,  comparatively  few  holes  are  drilled  and  these 
are  shallow  and  lightly  loaded,  the  object  being  to  loosen  the 
rock  and  not  shatter  it.  Pyroxenite,  or  the  rock  in  which  'amber' 
mica  occurs,  is  not  as  a  rule  very  hard ;  but  the  main  rock  mass 
often  contains  'horses'  or  boulders  of  quartz-feldspar  rock, 
in  which  but  slow  progress  can  be  made.  Where  machine-drilling 
by  means  of  steam  is  employed,  about  fifty  feet  per  drill  per  day 
of  ten  hours  is  the  average  advance;  while  with  double-handed 
hand-drilling  fifteen  feet  is  good  progress.  The  latter  method 
costs  30  to  35  cents  per  foot,  while  machine-drilling  ranges  from 
17  to  25  cents  per  foot.  The  machine-drills  employed  are  usually 
of  the  Ingersoll-Rand  type.  Dynamite,  containing  35  to  40 
per  cent,  nitro-glycerine,  is  the  most  commonly  used  explosive, 
and  costs  from  16  to  18  cents  a  pound.  After  blasting  the  mica 
crystals  are  collected  and  taken  to  the  cobbing-shed,  where  all 
adhering  rock  is  removed  and  worthless  crystals  discarded. 
The  hoisting  appliances  in  use  at  almost  all  open-work  mines 
are  ordinary  derricks,  operated  either  by  horse-whim  or  direct 
traction,  or  by  small  steam  winches.  The  Blackburn  mine  at 
which  the  open-work  method  was  followed  to  a  considerable 
depth,  is  the  only  mica  mine  in  the  country  equipped  with 
cable-hoists. 
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As  previously  stated,  many  mines,  which  are  now  mica 
producers,  were  originally  developed  for  phosphate.  This  min- 
eral often  occurs  in  quantity  in  intimate  association  with  mica, 
and  both  minerals  can  sometimes  be  won  simultaneously.  Many 
of  the  mica  mines  ship  small  amounts  of  phosphate  during  the 
winter  months,  the  destination  of  the  mineral  being  Buckingham; 
Que.,  where  it  is  consumed  in  the  manufacture  of  phosphorous 
and  fertilizers.  The  low  price,  $10  to  $11  per  ton,  offered  for 
phosphate  at  the  present  time,  owing  to  the  enormous  supply 
available  in  the  United  States,  offers  little  inducement  however, 
to  mica-miners  to  save  the  mineral.  Unless,  therefore,  large 
bodies  of  high  grade  apatite  are  encountered,  the  phosphate 
often  is  placed  on  the  dumps. 

Fresh  outcrops  of  mica  are  being  continually  'located' 
and  worked  in  a  small  way  by  prospectors  and  others;  and  it 
is  these  surface  shows  which  help  to  keep  the  market  supplied 
with  the  mineral.  In  addition,  the  dumps  of  a  number  of  the 
old  phosphate  and  early  mica  mines  arc  being  searched  for  the 
smaller  grades.  These  sources  of  supply,  together  with  the 
large  reserves  held  by  some  operators,  have  so  far  prevented  any 
shortage  in  the  available  amount  of  Canadian  mica.  The  time 
will  probably  come,  however,  when  it  will  be  found  expedient 
to  commence  a  systematic  development  of  the  deposits  whose 
probable  existence  is  indicated  by  the  rich  surface  pockets  found 
at  many  points.  To  achieve  definite  results,  much  capital  will 
be  required ;  and  as  long  as  the  mica  mines  of  Canada,  with  some 
half-dozen  exceptions,  remain  in  the  hands  of  individuals  un- 
willing or  unable  to  properly  test  their  properties,  the  present 
unsatisfactory  methods  are  likely  to  prevail.  Systematic  ex- 
ploitation and  development  by  companies  of  mica  deposits — 
deposits  which  it  is  reasonable  to  believe  have,  in  many  instances, 
been  merely  scratched — would,  in  every  probability,  more  than 
justify  the  heavy  initial  expenditure  which  would  be  necessarily 
incurred.  Already,  in  India,  the  robbing  of  outcrops  without 
regard  to  the  future  of  the  property,  and  the  consequent  exhaus- 
tion of  surface  pockets,  combined  with  the  present  dangerous 
state  of  the  workings,  have  demonstrated  to  operators  that  a 
policy  of  extracting  the  maximum  amount  of  mica  with  a  mini- 
mum of  expense,  while  paying  no  consideration  to  the  future. 
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is  not  a  wise  one  to  follow.  Consequently,  the  smaller  operator 
shows  signs  of  giving  place  to  companies  and  syndicates,  who 
work  on  a  more  systematic  plan.  It  would  greatly  benefit  the 
mica  industry-  in  this  country  if  a  similar  change  were  to  be 
brought  about  in   Canada. 


THE  MARKETING  AND  MANUFACTURE  OF  MICA 

By  S.  O.  FiLLiON,  Ottawa,  Ont. 

{Annual  Meeting,  OUazva,  1913) 

The  price  of  the  various  grades  of  amber  mica  has  increased 
remarkably  during  the  past  few  years.  Until  the  year  1898 
only  the  choicest  mica  was  marketable,  while  no  size  smaller 
than  two  by  three  inches  was  in  demand.  In  1897,  however, 
the  price  of  "run  of  mine"  material,  from  2  by  3  inches  to  4  by 
6  inches,  in  a  thumb  trimmed  state,  advanced  from  $100  to 
from  S225  to  $250  per  ton.  Since  that  date  it  has  been 
the  practice  to  grade  the  material  according  to  size,  which 
in  each  case  constitutes  the  basis  of  price.  As  an  indica- 
tion of  the  recent  considerable  increased  demand  for  mica 
for  electrical  purposes,  it  is  merely  necessary  to  state  that 
the  smallest  commercial  size,  known  as  the  1x1  grade, 
marketable  within  the  last  year  or  so  only,  now  commands 
the  price  of  thumb-trimmed,  of  $100  per  ton.  This  is  the 
highest  price  paid  fifteen  years  ago  to  Canadian  producers 
for  thumb-trimmed,  run-of-mine  mica,  including  all  sizes  from 
2x3  inches  to  5  x  8  inches. 

In  1899  the  prices  of  thumb  trimmed  amber  mica  were  as 
follows: 


1x3  grade. 

2x3 

2x4 

3x5 

4x6 

5x8 


5c.  per  lb. 
10  to  12c. 
20  to  23c. 
40  to  45c. 
60  to  65c. 
$1.00 


Each  succeeding  year  witnessed  an  advance  in  prices,  until 

the  latter  part  of  1907  (the  year  of  the  commercial  panic  in  the 

United   States)    just   prior   to  which    the   maximum   prices   for 

amber  mica  obtained  as  follows: 
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1x2  grade 8    .  13  to  S    .15  per  ft. 

1  x3 
2x3 
2x4 
3x5 
4x6 
5x8 


22  to 

.25 

.  45  to 

.50 

.65  to 

.70 

.  75  to 

.85 

1 

.00  to 

1.10 

1 

.40  to 

1.50 

Unfortunately,  the  market  in  Canada  has  ahvays  been  allow- 
ed to  drift  aimlessly,  receiving  no  support  whatever  from  pro- 
ducers, who,  it  is  natural  to  suppose,  should  be  mainly  interested 
in  maintaining  its  stability.  While  some  may  consider  that  any 
combination  on  the  part  of  producers  to  regulate  the  market 
might  be  unfair  to  the  consumer  or  manufacturer,  it  may  be  affirm- 
ed that  heretofore  the  producer  has  invariably  been  the  loser 
as  a  resultof  the  unregulated  mica  market;  and,  in  many  instances, 
has  suffered  heavy  losses  as  a  consequence  of  these  conditions, 
with  the  result  that  to-day  less  mining  is  carried  on  in  Canada 
than  ten  years  ago.  If  the  market  were  properl}'  regulated 
it  would  not  only  be  better  for  the  producer,  but  for  consumer, 
since  then  production  would  be  maintained  at  a  regular  level, 
instead  of  as  now  being  allowed  periodically  to  decrease  until 
stimulated  by  extremely  high  prices,  the  influence  of  which 
is  merely  temporary. 

London,  for  many  years,  has  been  the  distributing  point 
for  India  mica.  Auction  sales  are  conducted  there  about  six 
times  a  year  by  mica  brokers  who  receive  the  consignments 
from  the  India  shippers.  This  method  has  not  given  entire  satis- 
faction either  to  the  shipper  or  to  the  buyer,  and  in  recent  years 
most  of  the  larger  mica  firms  in  Europe  and  the  United  States 
have  either  established  themselves  in  India  or  have  formed  direct 
connections  with  the  market  in  India.  In  an  endeavour  to  regu- 
late the  India  mica  market  and  incidentally  to  increase  their  own 
profits,  the  three  most  important  firms  manufacturing  mica  in 
the  United  States,  England,  and  Germany,  together  with  the 
largest  producer  of  mica  in  India,  have  been  working  together 
during  the  past  two  years  to  obtain  control  of  the  India  market. 
As  is  well  known,  India  produces  more  than  75%  of  the  mica 
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that  is  used  at  the  present  time.  In  1911,  the  mica  clearances 
from  Calcutta  amounted  to  37,900  cwts.  valued  at  S750,000;  and 
in  1912,  51,646  cwts.  valued  at  $1,225,000.  The  production  in 
India  for  1912  shows  an  increase  of  60%  over  1911,  which  was 
a  record  year.  Within  the  past  two  or  three  years,  two  of  the 
largest  electrical  concerns  in  America  have  been  gradually  using 
more  and  more  of  India  mica  and  consequently  less  of  amber,  and 
to-day  one  of  these  concerns  has  practically  discontinued  the 
use  of  amber  mica,  employing  instead  the  India  mica,  while 
the  others  use  a  very  large  proportion  of  India  mica. 

In  Canada,  meanwhile,  there  is  no  provision  for  regulating 
the  market.  The  London  auctions  would  be  satisfactory  but 
for  the  fact  that  the  broker's  interests  are  not  always  identical 
with  those  of  the  shipper.  When  this  happens  the  interests 
of  the  latter  suffer.  If,  however,  we  had  in  Canada,  a  central 
market,  where  all  the  amber  mica  could  be  assembled  and  sold, 
having  regard  to  the  interests  of  both  the  producer  and  con- 
sumer, such  a  step  would  unquestionably  stimulate  the  mica 
business  of  the  country,  and  would  plage  it  on  a  sounder  basis. 

India  Mica. 

The  conditions  affecting  the  marketing  of  mica  produced  in 
India  have  not  been  dissimilar  to  those  influencing  the  marketing 
of  amber  mica.  For  some  years  after  the  demand  for  mica  arose 
the  cost  of  production  in  India  was  very  low,  since  the  mica 
was  plentiful  near  the  surface;  and  although  the  price  obtained 
was  also  low  some  of  the  mine  operators  made  fortunes.  But 
gradually  as  the  surface  workings  became  exhausted,  the  costs 
of  operation  increased,  and  for  some  years  prior  to  1905,  this  fact 
combined  with  low  prices,  conduced  to  the  reduction  or  suspension 
of  operations,  with  a  consequent  decline  in  production.  After 
1905,  however,  the  demand  increased  rapidly,  while  prices  cor- 
respondingly advanced,  a  comparison  of  prices  obtaining  in  1905 
and  1907  being  afforded  in  the  following  table: 
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1905  1907 

No.  6  splittings.  .  .     3d  per  lb.  No.  6  splittings.. .      9d  per  lb. 

No.  5         "        ...     6d  "  No.  5        "         ...ls4d 

No.  4  block 9d  "  No.  4  block 2sOd 

No.  3      "     Is  2d  "  No.  3      "     3s  6d 

No.  2      "     Is8d  "  No.  2      "     4s  6d 

No.  1      "     3s0d  "  No.  1      "     6s0d 

During  the  depression  following  1907  the  demand  and  prices 
declined  considerably,  but  with  the  revival  of  trade  in  England 
and  America  during  the  past  two  years  the  production  of  mica 
in  India  has  far  exceeded  all  previous  records. 

The  ruling  prices  for  India  at  the  end  of  1912  were  as  follows: 

No.  6  Splittings Os  6d  to  Os  7d  per  lb. 

No.  5         "         ls2dtols4d  " 

No.  6  Block  mica Os  3d  " 

No.  5           "           Is  3d  " 

No.  4           "          4s  Od  " 

No.  3           "          5s  6d  " 

No.  3           "          6s  Od  " 

No.  1           "          7s  6d  " 

Preparing  Mica  for  the  Market. 

Canada. — In  preparing  amber  mica  for  the  market,  the 
rough  mica  crystals  are  split  to  thicknesses  of  about  l-16th  of  an 
inch,  and  all  broken  and  valueless  parts  that  can  be  removed  by 
hand  are  discarded. 

After  the  mica  is  thumb-trimmed,  it  is  separated  into  grades 
according  to  size  and  is  then  ready  for  market.  Before  this 
mica  can  be  used  for  manufacturing  purposes  it  must  be  cut  to 
sizes  as  in  the  case  where  the  solid  sheet  mica  is  used,  or  it  must 
be  knife-trimmed  and  split  into  thin  films  as  is  done  with  all 
the  smaller  sizes  of  mica. 

India. — The  process  followed  in  the  preparation  of  Indian 
mica  for  the  market  is  entirely  different  to  Canadian  methods; 
and  results  in  a  product  that  is  preferred  by  the  buyer.     The 
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method  is  as  follows:  Wooden  pegs  or  posts,  of  about  two  inches 
in  diameter,  are  driven  into  the  ground,  their  height  above  ground 
being  about  eighteen  inches.  The  native  workmen  seat  them- 
selves on  the  ground,  each  at  a  peg,  and,  holding  the  mica  against 
the  opposite  side  of  the  pegs,  dress  the  crystals  with  a  sickle. 
All  the  Bengal  mica  is  thus  sickle  dressed.  In  Madras,  however, 
the  mica  is  prepared  for  the  market  by  cutting  it  into  rectangular 
shapes  with  shears. 

Splittings. 

For  several  years  after  electricity  came  into  use  only  the 
solid  sheets  of  natural  mica  were  employed  for  insulation.  But 
it  became  evident  that,  as  the  electrical  business  developed,  it 
would  be  impossible  to  obtain  sufficient  quantities  of  the  larger 
sizes  of  mica  to  meet  these  requirements.  In  the  early  "nine- 
ties", Mr.  C.  W.  Jefferson,  of  Schenectady,  conceived  the  idea 
of  splitting  the  smaller  grades  of  mica  into  thin  films  and  build- 
ing these  up  into  plates  of  any  desired  size  and  thickness.  He 
went  to  the  firm  of  Munsell  &  Co.  of  New  York,  who  were  en- 
gaged in  a  general  mica  business  and  interested  them  in  his 
idea.  Mr.  Jefferson  patented  his  invention  and  with  Munsell 
&  Co.  formed  the  Mica  Insulator  Co.  for  the  purpose  of  manu- 
facturing mica  insulation. 

Thus  the  making  of  splittings  has  developed  into  the  most 
important  feature  of  the  mica  business.  The  films  as  they  are 
split  are  placed  in  small  circular  baskets,  the  diameter  of  which 
is  about  six  inches.  The  baskets  are  in  turn  packed  in  cases. 
The  main  advantage  of  this  form  of  packing  is  that  in  the  subse- 
quent manufacture  of  the  films  into  plate,  the  workmen  can  con- 
veniently hold  the  small  packages  in  the  left  hand,  the  film  being 
readily  removed  with  the  right.  In  India,  all  splittings  of  the 
better  class  are  so  packed.  In  Canada,  this  method  of  packing 
is  now  employed,  notwithstanding  that  the  reduction  of  split- 
tings is  the  chief  branch  of  the  mica  industry  in  this  country. 
Instead,  the  mica  is  split  into  films  and  is  packed  into  cases  in 
the  same  manner  as  in  block  mica  of  one-sixteenth  of  an  inch  thick 
ness.      Standard   mica  splittings,   both   India  and   amber,   are 
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produced  from  the  grades  of  mica,  and  range  in  thickness  from 
one  to  one  and  a  half  milometres.  The  manufacture  of  all  forms 
of  mica  insulation  is  based  on  mica  splittings.  The  demand 
developed  as  a  consequence  of  the  invention  of  built-up  mica. 
The  mica  was  split  originally  at  Schenectady,  N.Y.,  but  in  1895, 
Mr.  Franklin  Brooks,  of  the  Mica  Insulator  Co.,  visited  India 
and  introduced  the  method  of  splitting  mica  in  that  country. 
The  first  mica  splittings  made  in  Canada  were  produced  in  1900, 
in  Ottawa. 

Manufacture  of  Mica. 

Built  up  or  manufactured  mica  is  known  generally  by  the 
trade  name  Micanite.  In  the  manufacture  of  Micanite,  the  mica 
is  first  split  into  laminae.  The  thin  sheets  are  then  assembled, 
and,  by  the  application  of  heat  and  pressure,  stuck  together  with 
insulating  cement.  Micanite,  when  heated,  may  be  bent  into 
the  desired  forms.  This  is  not  possible  with  natural  mica. 
The  cement  employed,  however,  in  the  manufacture  of  micanite, 
softens  when  heated  and  permits  the  different  layers  of  laminated 
mica  to  slip  slightly  over  one  another,  and  thus  conform  to  any 
shaping.  The  micanite  being  then  allowed  to  cool  in  a  mould, 
will  retain  the  form,  and  will  be  so  dense  as  to  emit  a  metallic 
ring  when  struck. 

In  the  early  stages  of  development  in  the  manufacture 
of  mica  plate  it  was  thought  that  the  use  of  the  smaller  grades 
of  mica  such  as  1  x  3  and  1x2  would  produce  an  inferior  in- 
sulation; but  as  the  demand  for  mica  increased  it  was  found 
necessary  to  use  these  smaller  grades,  until  now  they  are  chiefly 
utilized  in  the  manufacture  of  the  various  forms  of  mica  insula- 
tion. 

The  invention  of  built-up  mica  plate  has  meanwhile  proved 
beneficial  alike  to  the  electrical  trade  and  mica  industry.  Thus 
it  would  be  impossible  at  the  present  time  to  secure  a  supply 
of  solid  sheet  mica  to  meet  the  electrical  requirements ;  while  the 
production  of  built  up  mica  has  created  a  market  for  the  smaller 
grades  of  mica,  for  which  previously  there  was  no  demand. 
The  smaller  grades  in  question  represent  probably  seventy-five 
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per  cent,  of  the  total  production  of  merchantable  mica  from  the 
mines.  For  certain  high-class  electrical  work,  however,  solid 
sheet  mica  is  still  employed. 

Until  recently  micanite  was  manufactured  by  hand;  but 
within  the  past  two  years  an  invention  has  been  patented  by 
the  Mica  Insulator  Company,  by  which  much  of  the  hand  labour 
in  laying  the  plates  is  largely  avoided.  The  device,  which  is 
a  simple  one,  consists  of  a  tower,  as  nearly  as  possible  air-tight. 
The  mica  films  are  inserted  at  the  top  of  the  tower,  and  falling 
to  the  bottom,  spread  out  over  a  space  of  the  size  of  the  standard 
plates,  namely  18  by  36  inches  or  36  by  36  inches.  By  this 
method,  it  is  afitirmed,  a  plate  that  by  hand  would  require 
several  hours  to  build,  may  be  laid  in  three  minutes.  The  pro- 
cess is  in  use  at  the  works  of  the  Mica  Insulator  Co.,  in  Schenec- 
tady., although  some  of  the  finer  grades  of  plates  are  still  laid 
by  hand  there;  while  the  Westinghouse  Electric  &  Manufactur- 
ing Co.,  have  obtained  the  rights  to  use  the  process  in  their  works 
at  Pittsburg,  Pa. 

Among  the  various  manufactures  of  mica  are:  mica  cloth, 
mica  paper,  stove  mica,  mica  chimneys,  canopies,  etc. ;  but  a  more 
recent  use  is  that  in  connection  with  the  manufacture  of  gramo- 
phones. In  every  gramaphone  is  a  disc  or  diaphragm  which 
is  made  of  clear  ruby  mica,  as  perfect  as  obtainable,  which  con- 
stitutes an  essential  part  of  the  instrument.  Mention  should 
also  be  made  of  the  development  in  recent  years  of  the  trade 
in  ground  mica.  Ground  mica  is  the  product  of  the  waste 
of  scrap  mica,  too  small  for  use  for  insulating  purposes.  It  is 
used  in  the  manufacture  of  hard  rubber  articles,  in  wall  papers, 
and  of  roof  materials.  The  demand  for  the  larger  grades  of 
mica  has  also  increased  of  late  as  a  result  of  the  manufacture  of 
various  electric  heating  devices,  into  which  it  enters.  Thus  while 
the  manufacture  of  mica  plate  has  reduced  the  demand  for  the 
larger  sizes  of  mica  for  insulating  purposes,  the  production  is 
taxed  to  the  utmost  to  meet  the  requirements  in  the  former 
respect. 


ON  THE  ORIGIN  OF  GRAPHITE.* 
By  John  Stansfield,  Montreal,  Que. 

During  the  course  of  field  work  under  the  auspices  of  the 
Geological  Survey  of  Canada,  in  the  district  north  of  the  Ottawa 
River,  involving  the  season  of  1911  and  a  few  weeks  in  the  season 
of  1912,  one  of  the  most  interesting  problems  presented  to  the 
writer  was  that  of  the  origin  of  graphite.  The  graphite  deposits 
of  Quebec,  and  more  especially  of  Buckingham  Tp.,  have  long 
been  known  and  worked,  and  require  no  further  introduction  to 
this  Institute.  Certain  of  the  deposits  examined  and  surveyed 
by  the  writer  have  been  previously  described,^  whilst  others  which 
have  not  been  described,  throw  an  interesting  light  on  the  origin 
of  this  mineral.  The  deposits  referred  to  are  those  of  the  Domin- 
ion Graphite  Co. 

A  study  of  the  literature  concerning  the  occurrence  and 
origin  of  graphite  reveals  that  the  mineral  occurs  under  widely 
different  conditions,  and  that  a  great  many  different  theories 
have  been  advanced  to  account  for  the  genesis  of  the  graphitic 
form  of  carbon;  in  fact,  it  is  a  question  almost  as  thorny,  in  dis- 
cussion, as  the  origin  of  the  diamond  form  of  carbon. 

The  theories  advanced  to  account  for  the  formation  of  gra- 
phite fall  into  two  main  categories  :- 

1.  Organic. 

2.  Inorganic. 

The  former  group  derive  the  graphite  from  original  carbon  con- 
stituents of  sedimentary  rocks,  whereas  the  latter  involve  igneous 
agency  and  call  upon  carbon  vapours,  hydro-carbons,  cyanogen 
compounds,  carbides  of  metals,  or  oxides  of  carbon,  and  even  the 
carbon  content  of  CaCO,  to  provide  a  source  of  carbon.  A 
recent  paper  by  Winchell"  has  reviewed  certain  reactions  by 
which  carbon  may  be  produced  by  igneous  agency  and  processes 
which  may  make  use  of  the  carbon  already  existing  in  sediments 


*  By  permission  of  the  Director  of  the  Geological  Survey  of  Canada. 

1  A.  Osann,  G.S.C.  Ann.  Rep.  New  Ser.  Vol.  XII,  1899," Pt.  O. 

2  A.  N.  Winchell,  Econ.  Geol.  Vol.  6,  1911,  p.  218. 
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through  which  the  igneous  material  is  intruded,  the  latter  acting 
as  a  carbon  transporting  and  concentrating  agent.  In  addition 
to  Winchell's  paper,  mentioned  above,  there  have  appeared  in 
Economic  Geology,  recently,  two  papers,  one  of  which  has  brought 
together  the  available  information  concerning  the  graphite  de- 
posits of  Ceylon,  and  given  a  detailed  description  of  the  deposits 
of  Dillon,  Montana,^  whilst  the  other  has  described  deposits  in  W. 
Pennsylvania."^  The  points  of  divergence  in  mode  of  occurrence 
of  deposits  of  graphite,  described  in  these  papers,  throw  into  promi- 
nence the  idea  of  the  possibility  of  several  different  modes  of 
origin. 

Types  of  Deposit. 

In  reading  over  the  descriptions  of  graphite  ore-bodies,  it  is 
found  that  three  main  groups  can  be  established.  Into  the  first 
of  these  fall  those  occurrences  in  post-Cambrian  strata,  which  can 
be  easily  seen  to  have  been  produced  by  dynamic  or  thermal 
metamorphism  of  coal  seams.  Examples  of  the  former  occur  in 
the  area  included  in  the  Narragansett  Basin  of  Rhode  Island, 
whilst  an  example  of  the  latter  is  mentioned  by  A.  Geikie,  at 
New  Cumnock,  Scotland.^  The  origin  of  the  graphite  in  these 
cases  is  sufficiently  obvious  to  need  no  further  discussion. 

The  second  class  includes  grapiiitic  quartzites  and  gneisses, 
especially  sillimanite-gneisses,  in  which  the  graphite  is  more  or 
less  evenly  distributed,  and  is  a  sufficiently  constant  constituent 
of  the  gneisses  to  be  traced  for  several  miles  across  country,  in  a 
manner  exactly  analogous  to  that  employed  by  stratigraphers, 
when  dealing  with  fossiliferous  strata.  That  these  quartzites 
and  sillimanite-gneisses  are  of  sedimentary  origin  is  well  esta- 
blished and  the  general  consensus  of  opinion  is  that  the  carbon 
content  of  these  rocks  is  an  original  constituent.  These  rocks  are 
the  metamorphosed  equivalents  of  sandstones  and  shales;  and 
sandstones  and  shales  are  always  found  to  be  most  important 
constituents,  by  volume,  of  our  coal-bearing  strata.  The  ana- 
logy is  sufficiently  close  to  warrant  the  conclusions  that  the 
gneisses  under  consideration  are  the  metamorphosed  equivalents 
of  original  coal-bearing  or  carbonaceous  strata.     The  metamor- 


3  E.  S.  Bastin,  Econ.  Geol.  Vol.  7,  1912,  p.  419. 

4  B.  L.  Miller,  Econ.  Geol.  Vol.  7,  1912,  p.  762. 

^  A.  Geikie,  Text-Book  of  Geology,  4th  Edition,  1903,  p.  771. 
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phism,  brought  about,  in  part  by  static  pressure  and  increase  of 
temperature  consequent  upon  burial  deep  in  the  earth's  crust, 
and  in  part  by  regional  dynamical  forces,  and  has  changed  the 
sandstones  to  quartzites  and  the  shales  to  sillimanite  or  garneti- 
ferous  gneisses,  has  changed  the  coal  beds  and  carbonaceous  shales 
to  graphitic  gneisses,  without  transferring  the  carbon  far  from  its 
original  home.  An  example  of  this  class  of  deposit,  at  Hague, 
Warren  County,  N.Y.,  has  been  described  by  E.  S.  Bastin. 

The  limestones  of  the  Grenville  Series  appear  to  form  a  sub- 
division of  this  second  class.  In  their  unaltered  state  they  con- 
tain fine  particles  of  opaque  carbonaceous  matter,  which  after 
marmorosis  of  the  limestone  appear  as  flakes  of  graphite.®  There 
seems  to  be  no  reason  to  doubt  that  this  carbonaceous  matter  is 
of  organic  origin,  and  it  seems  more  probable  that  it  is  of  animal 
than  of  vegetable  origin,  for  plant  remains  are  notoriously  scarce 
in,  or  totally  absent  from,  important  deposits  of  marine  limestone. 
On  the  other  hand  bituminous  limestones  and  limestones  bearing 
petroleum  are  constantly  to  be  met  with  in  the  younger  and 
fossiliferous  strata,  whose  bitumen  and  petroleum  can  be  traced, 
in  the  majority  of  cases,  to  animal  remains,  and  which  afford  an 
analog}^  for  comparison  with  the  earlier  condition  of  the  Gren- 
ville limestones. 

The  third  class  of  deposit  is  associated  with  igneous  intru- 
sions usually  of  granitic  or  pegmatitic  character,  or  more  rarely 
with  a  gabbro  or  pyroxenite.  It  includes  vein  graphite  and  dis- 
seminated ore-bodies.  The  deposits  of  Dillon,  Alontana,  most 
of  the  Cinghalese  deposits,  and  all  the  important  ore-bodies  of 
Buckingham  Tp.  which  the  writer  has  had  the  opportunity  of 
studying,  fall  into  this  class.  For  a  discussion  of  the  Ceylon 
and  Dillon  deposits  the  reader  is  referred  to  Bastin's  paper.' 

Buckingham  Deposits. 

Buckingham  is  situated  a  few  miles  north  of  the  southern 
edge  of  the  pre-Cambrian  protaxis  of  Canada,  which,  below 
Ottawa,  is  approximately  coincident  with  the  Ottawa  River. 
The  pre-Cambrian  rocks  of  the  district  include  representatives  of 
the  following: 

I  Adams_&  Barlow,  Geology  of  Haliburton  &  Bancroft  Areas,  pq.  221  ef  seq. 
''  Loc.  cit. 
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3.     Igneous  Intrusives. 
3c.     Trap  dykes. 

3b.     Gabbros  and  gabbro-pegmatites. 
3a.     Older  granite-pegmatite  veins. 

2.     Ottawa  gneiss. 

1.  Grenville  Series. 
The  oldest  of  these  groups,  the  Grenville  Series,  includes,  in  this 
area,  crystalline,  often  impure  limestones,  and  small  amounts  of 
sillimanite  gneisses.  Into  these  altered  sedimentaries  the  Otta- 
wa gneisses  are  intrusive.  Intrusions  of  several  ages  can  be 
deciphered,  but  they  all  have  in  common  a  well  developed  gneissic 
structure.  The  younger  igneous  intrusives  cut  both  Ottawa 
gneisses  and  the  Grenville  Series  and  do  not  show  the  develop- 
ment of  gneissic  structure.  All  the  types  mentioned,  with  the 
exception  of  the  trap  dykes,  are  to  be  met  with  in  the  areas  im- 
mediately surrounding  the  graphite  occurrences.  The  graphite 
ore-bodies  are  always  in  close  association  with  the  gabbros  or 
gabbro-pegmatites. 

The  occurrences  at  the  Walker  and  Dominion  mines,  lots 
20  &  22.  R.  VIII,  and  lot  20.  R.  V.  respectively,  include  the  fol- 
lowing types  :- 

1.  Pegmatites,  with  vein  graphite. 

2.  Pegmatite  impregnated  with  graphite. 

3.  Pegmatites  with  ore-bodies  parallel  to  the  bounding 
walls. 

4.  Ore-shoot  or  chimney  below  a  sheet  of  norite. 

5.  Ore-shoots  in  and  associated  with  gabbros. 

Of  these  types  the  most  important  from  a  commercial  point  of 
view  are  Nos.  4  &  5.  The  other  types,  however,  present  many 
points  of  theoretical  interest. 

1.  Pegmatites  with  vein  graphite. — One  of  these  pegmatites 
occurs  1600  ft.  due  west  of  the  main  pit  of  the  Walker  mine, 
cutting  Grenville  limestone.  It  forms  a  lenticular  outcrop,  100 
ft.  broad  and  600  ft.  long.  Graphite  occurs  in  narrow  veins, 
apparently  filling  joint  cracks  formed  by  cooling  of  the  pegmatite 
after  intrusion.  The  width  of  the  veins  in  this  case  is  about 
f  in.,  and  the  flake  of  the  graphite  may  be  perpendicular  or 
parallel  to  the  vein  walls.     No  continuation  of  the  veins  into 
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the  limestone  was  observed.  The  pegmatite  in  this  case  con- 
sists of  perthite,  with  very  Httle  quartz,  which  indicates  that 
it  is  the  acid-squeezing  of  some  more  basic  intrusive  than  a 
granite,  such  as  a  diorite  or  gabbro. 

At  the  "  Nelly  "  openings,  at  the  Walker  mine,  described 
by  A.  Osann,  and  which  are  little  more  than  prospects,  ex- 
posures are  very  poor.  From  what  can  be  gathered  as  a  result 
of  an  examination  of  the  dumps  and  overgrown  prospects,  the 
veins  are  associated  with  the  contact  of  an  igneous  intrusion  and 
Grenville  limestone.  The  igneous  rock  varies  from  a  gabbro  to 
a  biotite-augite  syenite,  and  has  associated  with  it  later  acid 
veins,  evidently  derived  from  the  same  magma  (judging  from 
microscopic  characteristics),  and  whose  constituent  minerals  are 
predominantly  perthite  with  green  hornblende,  carrying  kernels 
of  augite,  with  calcite,  titanite,  apatite,  zircon  and  graphite. 
This  graphite  is  interstitial  and  evidently  the  last  product 
of  crystallisation.  The  veins  of  columnar  graphite  cut  all 
the  different  varieties  of  the  igneous  rock  and  also  the  lime- 
stone. The  characters  of  columnar  graphite  have  been  often 
described,  and  so  are  well  known.  Osann  has  described  these 
veins,  at  present  under  consideration,  and  whilst  he  finds  that 
graphite  is  usually  the  only  mineral  of  the  veins,  there  occasion- 
ally occur  also,  apatite,  quartz,  titanite,  scapolite  and  pyroxene. 
The  latter  he  also  mentions  as  occurring  on  the  vein  wall  in  es- 
sentially the  same  manner  as  the  pyroxenes  associated  with 
apatite  and  phlogopite  veins.  Of  these  minerals  apatite,  sca- 
polite, titanite  and  comb  pyroxene  have  been  noticed  by  the 
writer.  The  exposures  are  not  very  numerous,  but  so  far  as 
generalisations  can  be  made  with  regard  to  the  strikes  of  the 
veins,  they  show  that  within  the  igneous  rock  they  strike  approxi- 
mately parallel  to  the  contact  with  the  limestone,  (  N.  65°  E.  ), 
whilst  in  the  limestone  the  strike  is  at  right  angles  to  the  contact, 
(N.  20°  W.)      The  extent  of  the  igneous  rock  is  not  determinable. 

2.  Pegmatite  impregnated  with  graphite. — At  a  point  about 
600  ft.  north  of  the  first  occurrence  described  above  is  a  5 
foot  wide  pegmatite  dyke,  at  the  contact  between  the  Grenville 
limestone  with  a  gneiss,  probably  of  igneous  origin.    This  pegma- 
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tite  is  very  rich  in  graphite,  about  one  quarter  of  its  whole  mass 
consisting  of  this  mineral.  Graphite  is  practically  absent  from 
the  limestone  and  gneiss  which  form  the  walls  of  the  dyke. 

3.  Pegmatite  with  ore-bodies  parallel  to  the  bounding  walls. — 
About  500  ft.  north  of  the  main  pit  at  the  Walker  mine  an 
opening  has  been  made  which  shows  a  pegmatite  vein  5  feet 
wide,  striking  N.  20°  E.  and  dipping  vertically,  cutting  a  gneiss 
which  may  be  an  altered  sediment.  On  both  walls  of  the  dyke 
occur  bands  of  ore  one  foot  in  width,  which  consist  of  gneiss  im- 
pregnated with  graphite.  The  flakes  are  arranged  to  parallel 
the  walls  of  the  dyke,  and  are  most  numerous  close  to  it,  so  that 
the  inch  of  ore  in  contact  with  the  dyke  is  almost  pure  graphite. 
The  graphite  content  diminishes  away  from  the  dyke  so  that  a 
few  feet  away  the  gneiss  is  practically  free  from  the  mineral. 

Another  example  of  this  type  of  deposit  can  be  seen  in  a 
small  opening  200  feet  E.  of  the  main  pit  at  the  Dominion  mine, 
where  Grenville  limestone  is  cut  by  a  sheet  of  a  pegmatitic  phase 
of  a  gabbro,  called  by  the  miners,  "blue  quartz  veins".  Thin 
sections  of  these  veins  show  that  they  are  composed  of  quartz 
with  a  small  quantity  of  a  curious  hornblende,  a  little  augite, 
pyrite  and  graphite.  The  graphite,  for  the  most  part,  has  been 
formed  after  the  quartz,  but  occasional  flakes  are  to  be  seen  which 
penetrate  two  adjacent  quartz  individuals,  evidently  formed  before 
the  quartz.  On  the  upper  face  of  this  sheet  occurs  a  band  of  ore 
one  foot  in  thickness,  consisting  of  almost  solid  graphite,  with  the 
flakes  parallel  to  the  surface  of  the  sheet.  The  limestone  a  few 
feet  away  from  the  sheet  is  barren  of  graphite,  and  none  was 
found  in  the  limestone  below  the  sheet.  Prospect  holes  along  the 
continuation  of  this  sheet  showed  similar  conditions.  Above  the 
sheet  at  the  northern  corner  of  the  opening  a  smaller  vein  of  gyp- 
sum cuts  the  limestone,  its  course  being  almost  perpendicular  to 
the  surface  of  the  sheet. 

4.  Ore-shoot  or  chimney  bclo'^u  a  sheet  of  norite. — The  ore- 
body  of  the  main  pit  at  the  Walker  mine  is  an  example  of  this 
type.  The  top  of  the  hill  above  the  main  pit  is  formed  by  a 
mass  of  gneissic  biotite-augite  diorite  which  has  a  wide  distribu- 
tion west  of  the  pit  and  is  one  of  the  representatives  of  the  Ottawa 
gneiss  of  the  district.      Below  this  is  a  sheet  of  biotite-norite, 
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distinctly  different  both  in  macroscopic  and  in  microscopic 
characters  from  the  rock  capping  the  hill.  This  sheet  is  evidently 
younger  than  the  capping  rock  and  shows  no  gneissic  structure. 
The  rock  has  been  described  by  Osann.  The  sections  examined 
by  the  writer  are  similar  to  those  of  Osann,  excepting  that  the 
rhombic  pyroxene  is  completely  changed  to  bastite,  which  is  pre- 
sent in  larger  amount  than  the  augite.  Both  these  minerals  are 
usually  surrounded  by  a  narrow  border  of  bluish-green  smaragdite 
brown  biotite,  a  later  product  than  the  pyroxenes  or  smaragdite, 
is  present.  The  feldspars  include  plagioclase  (the  more  important 
one)  and  micro-perthite,  whilst  a  little  unstriated  feldspar  may  be 
orthoclase.  Small  patches  of  micrographically  intergrown  feld- 
spar and  quartz  are  present,  and  other  minerals  of  minor  import- 
ance are  apatite,  magnetite,  and  pyrrhotite.  The  rock  has  a 
plutonic  habit,  microscopically,  but  in  occurrence  only  has  a 
thickness  of  between  6  and  15  feet. 

Below  this  sheet  the  remainder  of  the  section  north  of  the 
tunnel  opening  consists  of  Grenville  limestone,  which  is  intensely 
metamorphosed,  parts  of  it  now  consisting  entirely  of  lime-bearing 
silicates.  These  contact-metamorphic  minerals  include  pyroxene, 
scapolite,  feldspar,  and  titanite.  South  of  the  tunnel  occurs  a 
biotite-gneiss,  in  which  Osann  found  cassiterite.  Whether  this 
rock  be  igneous  or  sedimentary  appears  doubtful.  The  gneiss 
underlies  the  limestone,  but  a  couple  of  almost  vertical  faults 
cause  the  gneiss  to  abut  on  the  limestone.  At  the  contact  both 
rocks  are  impregnated  with  graphite,  the  altered  limestone  having 
furnished  by  far  the  greater  part  of  the  ore.  In  addition  to  gra- 
phite, pyrite  is  often  to  be  found  in  the  ore.  It  is  obviously  of 
later  deposition  than  the  graphite.  Sections  of  the  ore  show  the 
minerals  mentioned  above,  as  formed  by  metamorphism  of  lime- 
stone, and  the  graphite  is  seen  to  have  been  deposited  after  the 
formation  of  the  other  minerals,  with  the  exception  of  p^^ite,  as 
noted  above.  In  the  gneiss  the  tendency  of  the  graphite  to 
intrude  itself  along  the  cleavage  cracks  of  biotite  is  noticed. 

The  ore-body  is  roughly  T-shaped  in  cross-section,  with 
greatest  length  and  breadth  of  30  feet.  It  pitches  to  the  south  at 
an  angle  of  57°.  The  depth  to  which  the  ore-body  was  worked, 
in  former  days  cannot  be  seen  now,  as  the  pit  is  filled  with  water. 
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5.  Ore-shoots  in  and  associated  with  gabbros. — This  type  Is 
beautifully  illustrated  at  the  Dominion  mine,  which  is  by  far  the 
most  instructive  and  interesting  occurrence  examined  by  the 
writer.  Here  the  Ottawa  gneisses  of  igneous  origin  together 
with  small  masses  of  limestones  of  the  Grenville  Series  are  in- 
truded by  a  gabbro,  which  in  addition  to  a  normal  development 
is  represented  by  anorthosite,  scapolite-gabbro,  pyroxenite  and 
pegmatitic  phases,  which  include  the  "blue  quartz  veins"  men- 
tioned above,  and  perthite-pegmatites.  At  the  "main  pit"  the 
gabbro  carries  two  "horses"  of  limestone  which  are  for  the  most 
part  impregnated  with  graphite,  without  the  development  of 
lime-silicates,  as  at  the  Walker  mine.  This  impregnated  lime- 
stone furnished  a  large  part  of  the  ore  in  the  preliminary  stages  of 
mining,  but  in  depth  the  limestone  gave  away  to  an  impregnated 
gabbro,  much  of  the  ore  consisting  of  a  pyroxenite  with  graphite 
flakes  disseminated  through  it.  In  the  upper  working  the  ore- 
body,  lenticular  in  shape,  had  a  maximum  length  of  100  feet  and 
a  width  of  30  feet.  Pitching  steeply  toward  the  north,  the  deeper 
part  of  the  open  working  showed  an  increase  of  width  of  the  ore- 
shoot  to  50  feet.  The  ends  of  the  ore-lens  show  splitting  and 
fraying  out  into  several  small  veins,  cutting  the  gabbro,  a  phe- 
nomenon often  observed  in  ore-deposits.  There  is  no  development 
of  columnar  graphite,  but  rich  patches  of  practically  pure  lump 
show  a  tendency  toward  crystalline  structure.  Other  minerals 
associated  with  the  graphite  are  apatite,  in  masses  completely 
enclosed  in  graphite  and  reaching  the  size  of  a  hen's  egg,  molyb- 
denite, of  which  a  few  flakes  have  been  found,  and  pyrite,  veins 
of  which  cut  the  ore.  The  pyrite  veins  show  a  fine-grained, 
massive  structure,  at  the  contact  with  the  ore,  with  a  drusy,  or 
honeycomb  structure  in  the  centre.  The  druses  are  often  filled 
with  limonite,  produced  by  decomposition  of  the  pyrite.  These 
veins  may  reach  a  thickness  of  6  inches,  and  are  formed  subse- 
quently to  the  deposition  of  the  graphite.  The  ore-body  is  also 
cut  by  "blue  quartz  veins".  Thin  sections  of  ore  and  associated 
igneous  rocks  indicate  that  the  graphite  is  as  much  a  constituent 
mineral  of  the  intrusion  as  the  pyroxene,  feldspar  or  quartz.  The 
latter  mineral  is  present  in  many  sections  of  pyroxenite  and  of  the 
ore.     Examples  occur  showing  that  flakes  of  graphite  have  been 
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formed  earlier  than  quartz,  feldspar  and  even  pyroxene.  But  the 
major  portion  of  the  graphite  is  a  later  product.  Some  sections 
show  pyrite  as  the  first  mineral  to  crystallise. 

The  pegmatite  veins  associated  with  the  gabbro  always 
carry  perthite  as  their  feldspar. 

At  the  "  Swamp  "  pit  a  dyke  of  quartz-scapolite-biotite 
gabbro,  with  a  vein  of  perthite-pegmatite  on  each  side  of  it  had 
a  three-foot  band  within  it,  strongly  impregnated  with  graphite, 
some  parts  of  the  ore  being  solid  graphite.  The  flakes  were 
parallel  to  the  walls  of  the  rock  was  an  altered  lime-stone,  with 
which  is  associated  a  gneiss  which  would  be  termed  petrographi- 
cally  a  biotite-quartz  syenite,  but  may  possibly  be  a  recrystal- 
lised  sediment.     This  pit  is  now  under  water. 

Origin. 

The  features  described  above,  together  with  the  information 
respecting  the  Dillon  and  Ceylon  deposits  so  ably  presented  by 
Bastin,  permit  no  room  for  doubt  concerning  the  connection 
between  these  several  graphite  ore-bodies  and  igneous  in- 
trusions. The  relation  between  the  graphite  and  the  quartz, 
feldspar  and  pyroxene  show  that  the  graphite  was  a  constituent 
of  the  magma  from  which  the  igneous  rocks  have  consoli- 
dated. The  phenomena  of  contact  metamorphism,  shown  more 
especially  by  the  limestones,  are  similar  to  those  found  in 
connection  with  many  metallic  ore-deposits,  the  igneous 
origin  of  which  is  not  questioned.  Indeed,  if  the  mineral 
of  this  ore  were  a  metalliferous  one  instead  of  graphite  every 
geologist  would  agree  that  the  ore  was  of  igneous  origin.  In  this 
case,  also,  it  cannot  be  doubted.  The  mechanism  of  the  pro- 
cesses giving  rise  to  the  formation  of  graphite  from  the  gases 
accompanying  an  igneous  magma  has  been  ably  discussed  by 
Winchell,  who  concludes  that  the  oxides  of  carbon  were  the  most 
probable  sources  of  the  carbon  of  the  graphite  deposits,  and  that 
the  temperature  of  formation  of  the  graphite  was  below  o75°C. 
It  is  interesting  to  note  that  Bastin,  suggests  carbon  vapour,  as 
well  as  oxides  of  carbon  as  a  possibility,  although  Winchell  had 
shown  this  to  be  an  improbability,  because  of  the  high  temper- 
atures which  would  be  involved. 
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Accepting  the  oxides  of  carbon  as  the  most  probable  sources 
of  the  carbon,  the  question  arises  as  to  whether  the  carbon  be 
"juvenile"  or  "resurgent",  i.e.,  whether  the  oxides  of  carbon 
accompanying  the  igneous  intrusion  were  true  original  consti- 
tuents of  the  magma,  or  whether  the  carbon  was  derived  from 
carbonaceous  strata  through  which  the  intrusive  passed  magma, 
by  processes  such  as  those  outlined  by  Winchell.  The  latter 
idea  involves  a  lateral  secretion  theory  of  gigantic  proportions, 
which  appears  not  to  have  operated  on  the  beds  in  association 
with  the  Buckingham  deposits,  for  the  limestones  and  gneisses 
contain  no  graphite  which  is  not  within  a  few  feet  of  the  intrusive. 
This  is  especially  well  shown  in  the  case  of  the  veins  or  dykes  with 
ore-bodies  at  their  boundaries.  Here,  either  all  the  carbon  origin- 
ally contained  in  the  gneisses  or  limestones  has  been  abstracted 
from  very  large  volumes  of  rock  and  localised  close  to  the  dyke 
walls  or  else  the  carbon  has  been  brought  up  from  the  depths  by 
the  igneous  rock  magma.  The  latter  seems  the  more  probable. 
This  still  leaves  the  possibility  that  the  magma  may  have 
abstracted  the  carbon  from  sediments  in  passing,  but  this 
suggestion  is  purely  speculative  and  lacks  value  because  of  the 
impossibility  of  investigation.  But  on  the  other  hand  the  con- 
stant association  of  graphite  ore-bodies  with  sedimentary  rocks 
in  the  Grenville  Series  in  Canada  adds  weight  to  the  last  sugges- 
tion. But  again,  the  Grenville  Series  is  cut  by  a  great  variety  of 
igneous  rocks,  and  graphite  ore-bodies  are  not  associated  in- 
differently with  all  the  rock  types,  as  would  be  expected  if  the 
carbon  were  derived  from  the  sediments. 

The  constant  association  of  these  Buckingham  deposits  with 
products  of  a  basic  igneous  magma,  a  gabbro  or  differentiation 
product  of  a  gabbro  is  a  point  in  favour  of  the  theory  of  true 
igneous  origin.  And  in  this  connection  an  association  of  graphite 
with  pyroxene  and  apatite  in  an  apatite  vein  cutting  the  gabbro 
at  the  Emerald  mine,  Buckingham,  is  interesting. 

Summary  and  Conclusions. 

The  theories  which  have  been  advanced  to  account  for  the 
formation  of  graphite  fall  into  two  classes: — 

1.  Organic. 

2.  Inorganic. 
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Graphite  occurrences  have  been  subdivided  into  three  classes, 
the  first  of  which  includes  deposits  in  post-Cambrian  strata,  of 
whose  origin  there  is  no  doubt,  whilst  the  second  and  third 
(whose  origin  is  not  quite  so  obvious)  include  deposits  occurring 
in  pre-Cambrian  rocks. 

(1.)  Graphite  deposits  formed  from  coal  beds  by  dynamo- 
metamorphism,  as  in  the  Xarragansett  Basin,  Rhode  Island,  or 
by  thermo-metamorphism,  as  at  New  Cumnock,  Scotland. 

(2.)  Deposits  in  pre-Cambrian  strata,  the  containing  rocks 
of  which  have  the  characters  of  metamorphosed  sandstones  or 
shales,  and  which  can  be  followed  continuously  for  long  distances 
across  country.  These  are  of  organic  origin  and  in  every  way 
analogous  to  coal  deposits  in  younger  strata.  Examples  are  given 
by  Miller  in  Pennsylvania  and  by  Bastin  and  others  in  New  York 
State. 

(3.)  Deposits  associated  with  igneous  rocks  in  such  manner 
as  to  show  by  their  mineralogical  association,  microscopic  struc- 
tures, and  accompanying  contact-metamorphism  that  they  owe 
their  formation  directly  to  igneous  agency.  Certain  considera- 
tions tend  to  show  that  the  carbon  was  of  magmatic  origin, 
whilst  certain  others,  again,  cast  a  slight  shadow  of  doubt 
upon  this  conclusion.  Examples  are  known  at  Dillon,  Montana, 
connected  with  rocks  of  a  granitic  character,  in  Ceylon;  con- 
nected with  pegmatite  and  pyroxenites,  and  at  Buckingham, 
Quebec,  associated  with  gabbros  or  differentiation  products  of 
gabbro  magmas. 

Thus  the  organic  and  inorganic  theories  appear  to  be  appli- 
cable to  different  cases,  and  the  several  ideas  brought  out  in  the 
discussion  of  Brummel's  paper  read  before  this  Institute  in  1908, 
receive  support  from  different  occurrences. 


J 


ROOF  MOVEMENTS  IN  A  COAL  CREEK  MINE 
—"BUMPS,"  THEIR  CAUSE  AND  EFFECT. 

By  John  Shanks,  Coal  Creek,  B.C. 
{Rocky  Mountain  Branch  Meeting,  Fer7iie,  B.C.,  March,  1913) 

In  this  paper  no  attempt  is  made  to  advance  any  new  or 
original  ideas  in  reference  to  roof  movements,  but  rather  to  apply 
accepted  theories*  to  explain  the  cause  of  the  bumps  which  have 
been  of  common  occurrence  at  Coal  Creek,  and  which  during  the 
years  1907-08  resulted  in  several  fatalities. 

Bumps  have  been  mostly,  although  not  entirely,  confined 
to  No.  2  Seam.  This  seam  is  worked  from  Nos.  2  and  3  openings 
on  the  south  side  of  the  creek,  and  from  No.  9,  opening  on  the 
north  side.  All  the  fatalities  occurred  in  No.  2  mine,  and  in 
every  case,  in  places  near  to  and  approaching  the  gob  of  "old" 
districts,  from  which  the  pillars  had  been  extracted.     (See  plan). 

The  approximate  section  of  the  strata  in  the  vicinity  of  the 
above  mentioned  "old"  districts  is  as  follows: — 

A  superincumbent  strata,  approximately  1650  feet  thick. 
It  contains  several  coal  seams,  each  seam  being  over- 
lain with  strong  sandstone  and  conglomerate  beds 
ranging  in  thickness  from  10  to  40  feet. 

Roof  rock  80  to  100  feet — (of  very  hard  flinty  sandstone). 
Small  seam  of  coal  (G  to  15  inches.) 
Strong  bind,  18  feet. 

Fairly  hard  clod  or  bind  next  to  No.  2  seam,  from  0 
to  6  feet  in  thickness. 

No.  2  Seam,  5  to  7  feet  hard  compact  bituminous  coal. 

Bottom,  6  to  12  feet  of  mixed  shale  and  coal  varying  in 
strength  as  the  shale  bands  vary  in  thickness. 


♦Trans.  Inst.  M.E.,  Vol.  XXX.,  p.  175:  Vol.  XXI.,  p.  176:  Vol.  XLIV., 
p.  531. 
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The  writer  came  to  Coal  Creek  in  September,  1908,  and  took 
charge  of  the  mines  as  manager  in  January  1910.  At  that  time 
"bumps"  were  the  subject  of  much  discussion  among  the 
officials  and  miners.  The  prevailing  opinion  was  that  gas  out- 
bursts had  something  to  do  with  their  cause.  The  disastrous 
gas  outbursts  in  the  adjacent  Morrissey  coalfields,  and  the  fact 
that  each  large  bump  was  accompanied  by  the  effusion  of  gas 
in  large  volume  in  the  immediate  vicinity  may  have  been  in 
part  responsible  for  this  theory. 

The  writer  is  of  the  opinion  that  the  cause  of  bumps  in  this 
mine  was  due  to  the  pillars  formed  by  the  first  workings  being 
of  insufficient  size  to  resist  the  strains  thrown  on  them  by  the 
jerky  irregular  working  and  the  subsidence  of  the  strong  hard 
roof  in  the  adjacent  pillar  area. 

As  a  student  of  mining  formulae,  the  writer  holds  that  it 
is  ridiculous  to  give  a  fixed  rule  to  regulate  the  size  of  pillars 
to  be  left  to  support  and  protect  a  shaft  or  workings.  In  sup- 
port of  this  contention,  reference  may  be  made  to  say  half-a- 
dozen  recognized  text  books,  in  which  formula?  are  given  in  this 
respect.  It  will  be  found  that  the  variations  will  be  as  much 
as  100  per  cent.  In  all  cases  the  local  conditions,  especially  the 
nature  of  the  overlying  strata  should  govern  the  size  of  the  pillars, 
in  order  to  recover  a  large  percentage  of  coal  left  by  the  first 
workings.  The  subsidence  of  the  roof  after  the  extraction  of 
the  pillars  is  always  a  matter  of  anxiety. 

The  writer  when  mining  engineer  for  the  Whitehaven 
Collieries,  Cumberland,  England,  had  experience  of  the  behaviour 
of  a  strong  roof  when  breaking.  Here  a  large  area  of  the  main 
band  seam  (12  ft.  thick)  with  a  strong  sandstone  roof  (40-60 
ft.  thick)  lay  between  Wellington  and  William  collieries.  The 
mine  management  started  to  pillar  this  section,  but  were  required 
by  the  proprietor's  engineer  to  leave  three  rows  of  pillars  (pillars 
75  ft.  square)on  each  side  of  the  main  heading,  which  was  to  be 
maintained  as  a  permanent  or  travelling  road  between  Welling- 
ton and  William  collieries.  The  pillars  were  cheaply  and  quickly 
extracted.  The  supports  of  the  roof,  (8  inch  square  Norway 
props)  were  left.  The  writer  has  a  recollection  of  almost  being 
lost  while  attempting  a  short  cut  through  this  small  forest  of 
standing  timber.      This   large  area  of  20  acres  of  exposed  and 
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unsupported  roof  (except  for  props)  stood  for  months  without 
showing  signs  of  "weighing" ;  but  suddenly  in  a  night,  the  squeeze 
came,  and  the  rows  of  pillars  left  on  each  side  of  the  heading  were 
crushed  to  powder. 

The  caving  of  the  strong  roof  in  this  area  set  up  a  lateral 
movement  to  the  dip,  where  about  a  square  mile  of  very  small  pil- 
lars had  been  left  from  former  workings.  The  whole  district 
was  set  on  a  slow  creep.  Bricks  in  arches  were  ground  to  dust. 
The  management  had  ultimately  to  abandon  this  district  of 
the  coalfield,  and  reopen  it  by  a  circuitous  road.  After  this 
experience  it  was  decided  that  no  pillars  should  be  extracted 
nearer  than  one  panel  of  fifteen  pillars  from  a  main  haulage  road. 
If  this  sudden  collapse  of  roof  had  happened  at  Coal  Creek  it 
would  have  shaken  all  the  frame  houses  in  the  camp  and  would 
have  been  termed  a  ' '  bump ' ' . 

The  worst  bump  experienced  at  Coal  Creek  No.  2,  took 
place  on  the  31st  of  July,  1908;  four  lives  were  lost.  The  main 
haulage  road  was  caved  for  400  feet  (see  plan,  place  No.  4), 
Owing  to  the  presence  of  gas  the  rescue  party  had  great  difficulty 
in  reaching  some  miners  who  were  beyond  the  subsidence.  The 
miners  were  found  near  a  leak  in  the  air  line.  The  writer 
attributes  the  effusion  of  gas  in  large  volume,  to  the  release  of 
the  occluded  gases,  in  the  60-foot  pillar  on  the  right  side  of  the 
engine  plane,  caused  by  the  severe  crushing,  and  to  the  heaving 
of  the  pavement  of  shale  and  coal.  The  pavement  at  all  times 
gives  off  much  gas. 

In  July,  1907,  a  man  was  killed  in  working  place  No.  1 
(see  plan).  The  bottom  had  heaved  and  the  coal  crushed,  a 
little  clod  rock  was  down,  but  the  main  roof  had  not  settled, 
as  the  timber  still  stood  with  the  feet  of  the  legs  thrown  in  towards 
the  track. 

In  October,  1907,  a  man  was  killed  in  working  place  No, 
2,  (see  plan) .  There  was  no  apparent  settlement  of  the  main  roof, 
but  the  coal  was  crushed  and  the  bottom  had  heaved. 

In  June,  1908,  two  diggers  and  a  driver  were  killed  in  working 
place  No.  3,  (see  plan),  the  bottom  had  heaved  violently,  the 
pillar  was  crushed  and  the  rock  packs  at  the  sides  were  thrown  in. 
The  main  roof  had  not  apparently  settled,  as  the  cross-cut  bridge 
stick  was  left  standing. 
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Bumps  were  frequent  without  causing  accidents.  Miners 
were  often  thrown  several  feet  from  the  face  and  no  apparent 
damage  was  done  to  their  working  places.  The  men,  if  not 
"gassed  out,"  would  immediately  resume  work. 

Loaded  cars  were  often  thrown  half  across  the  road.  In 
most  cases  a  little  heaving  of  the  bottom  would  be  noticed,  and 
a  little  extra  gas  given  ofT. 

In  No.  6  West,  two  four  foot  cogs,  seven  feet  high  having 
16  feet  booms  resting  on  them  (the  other  end  of  booms  on  props) 
were  moved  over  bodily  about  three  feet,  without  a  stick  used  in 
their  construction  being  displaced.  These  cogs  had  been  in  their 
places  three  weeks,  and  were  firmly  wedged. 

In  September,  1912,  a  bump  took  place  which  shook  the 
houses  in  the  camp  considerably.  On  examination  it  was  found 
about  1200  feet  from  the  mine  mouth  on  the  deeps  road.  The 
pavement  was  heaved  violently  opposite  a  spot  where  a  pillar 
should  have  been,  but  which  for  some  reason  had  been  extracted. 
The  place  was  filled  with  muck.  In  this  case  there  was  no  appar- 
ent settling  of  the  main  roof,  or  evidence  of  roof  caving;  the  adjac- 
ent coal  pillars  were  not  crushed.  The  muck  replacing  the 
pillar  was  thrown  on  to  the  main  road.  For  some  years  past 
there  have  been  no  working  places  in  this  seam,  nearer  than  a  dis- 
tance of  1500  feet.  No.  1  Seam  (120  feet  above)  was  being 
worked  on  the  pillar  and  stall  method.  The  pillars  were  150 
feet  by  300  feet,  but  in  this  seam  there  were  no  evidence  of  crush. 

The  workings  in  Xo.  1,  had  just  reached  a  little  beyond 
No.  2  engine  plane,  when  the  bump  took  place. 

In  explaining  this  last  bump  the  writer  puts  forward  Hal- 
baum's  theory  of  horizontal  force  in  the  strata.  The  bottom  could 
not  have  heaved  so  violently  by  a  downward  force,  without  such 
force  pulverizing  the  adjacent  pillars  of  coal,  through  which  it 
must  have  acted. 

The  releasing  of  gas  pressures,  etc.,  in  Xo.  1  seam,  must 
have  set  free  (to  quote  Halbaum)  "the  supercompressions  in 
the  beds  below,"  allowing  them  to  exercise  the  property  of  resil- 
ience or  spring.  Only  by  adopting  this  theory  can  cases  of 
the  movement  of  cogs,  cars  and  men  (without  any  apparent 
displacement  of  strata)  be  accounted  for. 
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The  roof  in  the  area  pillared  between  No.  3  West,  and  No.  4 
West  heading,  would,  at  a  certain  period  act  in  the  form  of  a 
beam  supported  at  both  ends.  The  lower  strata  being  in  a  state 
of  tension,  and  the  upper  in  a  state  of  compression,  the  lower 
strata  would  break  and  cave  in  the  form  of  an  arch.  This  would 
leave  the  solid  coal  in  No.  4  West  in  a  state  of  high  compression, 
caused  by  the  action  of  this  huge  rock  lever.  When  the  workings 
were  turned  out  of  No.  4  West  towards  the  gob  area  they  would 
so  weaken  the  coal  area  supporting  the  compression  forces  as  to 
cause  crushing  of  the  coal  by  sudden  jerks,  which  would  be  caused 
by  the  sudden  changing  of  the  forces  in  the  upper  rock  lever 
strata  from  compression  to  tension. 

In  the  case  of  the  accident  in  place  No.  3,  (see  plan)  No.  6 
West  was  opened  up  longwall,  and  an  area  of  coal  150  feet  by 
250  feet  had  been  worked  by  this  method,  before  the  pillar  and 
stall  method  was  again  resorted  to.  This  left  two  hundred  feet 
of  solid  coal  between  the  longwall  area  and  the  goaf  of  No.  4 
West.  In  the  middle  of  this  area  the  bump  took  place.  The 
long^vall  workings  would  induce  a  severe  roof  strain  leaning  for- 
ward towards  the  goaf  of  No.  4  West.  This  strain  no  doubt 
merged  into  actual  fracture,  and  threw  the  dead  weight  of  a  large 
loose  roof  area  on  the  pillars,  thus  causing  the  effect  produced  at 
the  time  of  the  bump.  In  the  section  of  this  seam  worked  from 
No.  3  opening,  the  writer  worked  on  the  longAvall  system, 
and  found  that  by  carrying  a  300  feet  straight  face  the  roof  ac- 
tion after  the  first  break,  was  steady  and  devoid  of  any  undue 
bumps. 

This  was  also  the  experience  in  5th  East  section  of  the 
rock  tunnel  works. 


SOME   NOTES   ON   THE   LONGWALL   METHOD 
OF   MINING   COAL. 

By  Alexander  Sharp,  Vancouver,  B.C. 

{IFeslern  Branch,  Natiaiino  Meeting,  igij) 

There  are  three  methods  by  which  coal  seams  are  developed, 
namely,  by  shafts,  slopes  and  drifts.  A  shaft  is  sunk  to  win  a 
particular  part  of  a  coalfield  that  cannot  be  economically  worked 
by  drifts  or  slopes  from  the  outcrop.  A  seam  of  coal  that  out- 
crops in  a  valley  or  on  a  mountain  side  can  usually  be  won  most 
economically  by  slope  or  drift. 

When  a  coal  seam  has  been  reached  by  either  of  these  sys- 
tems, and  the  necessary  development  work  has  been  done  to 
ascertain  the  thickness,  the  class  and  nature  of  the  coal,  the 
dip  and  strike  of  the  formation,  and  the  properties  of  the  roof 
and  floor,  the  question  of  the  best  method  for  the  extraction  of 
the  coal  must  then  be  determined. 

A  seam  of  coal  one  foot  thick  contains  1505  tons  of  coal 
per  acre;  a  two-foot  seam  would  contain  twice  that  quantity, 
and  so  on.  As  it  is  the  aim  of  the  mining  engineer  to  extract 
the  maximum  amount  of  coal  per  acre  with  the  greatest  economy 
and  safety,  the  development  of  a  new  mine  is  a  matter  requiring 
experience,  knowledge  and  judgment.  In  making  a  choice 
of  methods  every  possible  condition  affecting  the  mining  of 
coal  should  be  fully  considered.  Every  field  presents  special 
problems,  and  even  different  mines  in  the  same  field  can  seldom 
be  operated  alike;  while  the  physical  conditions  of  two  seams  in 
the  same  field  or  basin  may  be  such  as  to  necessitate  different 
methods  of  working. 

The  two  general  methods  of  mining  coal  are  known  as 
longwall  and  pillar  and  stall,  and  the  modification  of  these 
methods. 

In  considering  possible  systems  of  working,  the  following 
conditions  enter: 
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(a)  The  topography  of  the  coal  area. 

(b)  The  proximity  to  sea,  lake,  river  or  swamp. 

(c)  The  dip  of  the  formation  or  strata. 

(d)  The  nature  of  the  roof  and  floor  of  the  coal  seam. 

(e)  The  depth  of  the  coal  seam  from  the  surface. 

(f)  The  hardness  of  the  coal  and  rock  seams  in  coal. 

(g)  The  proximity  of  other  coal  seams  and  workings. 

(h)  The  faults,  dykes  and  dislocations  of  the  coalfield  and 
district. 

The  Longwall  Method. 

The  longwall  method  of  mining  is  said  to  have  been  first  in- 
troduced in  the  working  of  the  Blackband  Ironstone  seams  at 
Ardrie,  Scotland.  Here  difficulty  was  experienced  in  working 
the  hard,  low  iron  seams  by  pillar  and  stall,  and  consequently 
the  stalls,  or  rooms,  were  made  wider  to  reduce  the  rib  cutting; 
hence  the  roof  had  to  be  supported  by  artificial  pillars,  and  "gob" 
or  "waste"  roads  formed.  The  wide  rooms  became  known 
as  the  "longwall".  From  this  elementary  beginning,  longwall 
has  come  into  very  general  usage,  and  in  Great  Britain  it  is 
employed  to  a  greater  extent  than  all  other  methods  combined. 
It  is  most  successfully  conducted  under  the  following  conditions: 
a  good  roof  and  floor;  a  hard  coal  seam;  the  coal  under  six 
feet  in  thickness;  and  where  the  dip  of  the  seam  is  not  more 
than  30°  from  the  horizontal.  These  are  ideal  conditions  that 
cannot  always  be  obtained.  But,  as  a  matter  of  fact,  longwall 
is  adopted  under  widely  diversified  conditions  of  roof  and  floor, 
dip  and  rise,  and  the  thickness  of  seam. 

The  principal  object  in  working  any  seam  of  coal  is  to 
win,  in  the  best  condition,  the  largest  quantity  of  coal  with  the 
greatest  safety,  and  at  the  least  cost.  It  appears  to  be  officially 
recognized  that  the  loss  of  coal  in  longwall  mining  is  not  more 
than  10%  of  the  whole.  Mr.  James  Barrowman,  in  a  paper 
read  before  the  Mining  Institute  of  Scotland,  stated  that  in 
Scotland  he  found,  "  the  loss  on  an  average  from  bad  working  was 
only  2^  per  cent,  on  a  total  output  of  37,507,957  tons ;  the 
loss  for  stoop  and  room  (pillar  and  stall)  being  3.77  per  cent; 
and  that  for  longwall  only  0.11  per  cent." 


are: 
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Some  of  the  advantages  of  longwall  over  pillar  and  stall 

(a)  The  roof  pressure  reduces  labour  and  blasting. 

(b)  Less  dust  in  made  in  longwall. 

(c)  The  mine  is  generally  more  moist  in  longwall,  and  con- 

sequently the  likelihood  of  a  dust  explosion  is  reduc- 
ed to  a  minimum. 

(d)  Ventilation  is  made  easy. 

(e)  Fewer  roads  are  required  for  a  given  amount  of  coal. 

(f)  The  percentage  of  round  or  lump  coal  is  greater  than  in 

pillar  and  stall. 

(g)  The  coal  is  not  deteriorated  in  quality  as  in  pillar  coal. 


There  are  two  general  systems  of  long^valI,  advancing 
and  retreating.  By  the  advancing  method  the  coal  is  won  by  the 
primary  driving.  The  space  from  which  the  coal  is  mined  is 
packed  with  debris  to  prevent  any  sudden  subsidence  of  the  roof 
strata,  and  thus  maintain  the  roadways,  which  are  required 
for  the  convej-ing  of  the  coal  from  the  working  face  to  the  shaft 
bottom.  This  built-in  space  is  termed  the  "gob"  or  "waste", 
and  the  roadways  are  termed  "gob  roads". 

An  important  part  in  longwall  working  is  the  packing  of 
the  "gob".  A  uniform  settlement  of  the  roof  is  required  in 
order  that  the  proper  roof  pressure  may  w^eigh  upon  the  coal  face 
and  thus  assist  the  mining  or  winning  of  the  coal  (Fig.  1),  in 
order  to  keep  the  cost  of  face  labour  as  low  as  possible. 
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Fig.  1 

Longtitudinal  section  longwall,  showing  subsidence  of  roof  on  gob, 
and  roof  pressure  on  coal. 
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Of  the  two  systems  of  longwall,  the  advancing  is  in  more 
general  use.  The  retreating  system  is  at  times  adopted  when 
the  roof  is  very  strong  and  the  floor  weak. 

Scotch  Longwall  Advancing. 
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Fig.  2. 

Sketch  showing  method  of  working  a  flat  seam  in 
Scotland  longwall  system. 

Fig.  2  represents  a  method  of  longwall  suitable  for  the 
working  of  thin  horizontal  seams.  A  modification  of  this  sys- 
tem was  adopted  in  the  working  of  the  thinner  portions  of  the 
Wellington  coalfield,  the  property  of  R.  Dunsmuir  &  Son, 
Victoria,  British  Columbia.  The  coal  was  of  a  hard  bituminous 
nature,  and  lay  250  feet  below  the  surface.  The  roof  was  soft 
and  the  floor  hard.  The  sides  of  the  gob  roads  were  built  of 
split  logs  about  three  feet  long,  and  were  packed  with  debris 
from  the  workings,  and  rippings  from  the  roof  of  the  roads. 
In  the  blasting  operation  at  the  face,  about  two  ounces  of  powder 
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was  used  per  ton  of  coal  recovered.  Sixty  per  cent,  of  lump 
coal  was  obtained,  and  forty  per  cent,  slack;  while  no  coal 
was  lost  in  the  mining.  The  sketch  also  represents,  in  a  general 
way,  the  system  of  mining  the  thin  level  seams  of  Scottish 
coalfields  at  depths  of  from  fifty  feet  to  several  hundreds  of  feet. 
Fig.  3  represents  a  method  of  longwall  at  a  Scottish  colliery 
in  Fifeshire.  The  seam  is  5  feet  6  inches  in  thickness,  with  a 
5  inch  rib  of  rock  in  the  centre.  It  is  450  feet  from  the  surface, 
and  has  an  inclination  of  from  20°  to  30°. 


Fig.  3. 

Plan  showing  a  longwall  working 
pitch  of  seam  25°. 

Shaft  Pillar, — The  size  of  a  shaft  pillar  must  be  given 
special  consideration  if  it  is  designed  to  adopt  the  longwall  sys- 
tem. Only  narrow  excavations  in  the  coal  for  roadways  are  made 
through  the_pillar,  and  as  soon  as  the  limits  are  reached,  the 
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longwall  is  broken  away  in  a  manner  to  be  hereafter  described. 
In  determining  the  size  of  a  shaft  pillar  the  points  requiring 
consideration  are: 

(a)  The  depth  of  the  shaft  from  the  surface. 

(b)  The  angle  of  the  strata. 

(c)  The  strength  of  the  coal. 

(d)  The  nature  of  the  roof  and  floor. 

In  practice  a  good  size  for  a  shaft  pillar  is  120  feet  square 
for  a  depth  of  three  hundred  feet,  with  an  additional  20  feet 
for  every  60  feet  increase  in  the  depth  of  the  shaft.  If  the  seam 
is  inclined,  the  size  of  the  pillar  is  increased  on  the  rise  side 
of  the  shaft,  while  that  to  the  dip  size  is  made  the  same  as 
it  would  be  in  the  case  of  a  flat  seam.  In  normal  circumstances  a 
shaft  pillar  of  a  diameter  equivalent  to  the  depth  of  the  shaft  is 
a  good  rule  to  follow.  At  the  mine  in  question  (Fig.  3)  the 
block  of  coal  left  as  the  shaft  pillar  was  equal  to  one  yard  on 
each  side  of  the  shaft  for  every  six  feet  of  the  shaft  in  depth. 
Longwall  was  commenced  at  the  limits  of  the  shaft  pillar.  No 
pillars  were  left  along  the  main  roads,  as  it  was  decided  to  allow 
the  roof  to  settle  down  on  the  gob  pack  and  props.  After  the 
first  break  in  the  roof  the  roads  were  easier  to  maintain,  while 
there  was  no  pillar  coal  to  be  lost  by  crush  or  otherwise. 

The  dotted  lines  represent  the  gob  roads.  The  headings 
marked  "a"  are  driven  to  the  full  rise  or  pitch  of  the  seam,  10 
feet  wide  and  8  feet  high.  The  levels  "c"  are  advanced  across 
the  pitch.  The  black  showing  represents  the  coal.  The  space 
between  the  gob  and  the  black  represents  the  working  face,  and 
the  headings  and  levels  are  called  "cutting  places."  For  haul- 
age and  drainage  purposes  the  levels  and  side  roads  are  driven 
at  a  grade  of  about  1  foot  in  180  feet,  or  1  foot  in  200  feet  from  the 
shaft,  that  being  the  grade  at  which  out-going  and  incoming  cars 
are  best  handled.  Water  will  flow  at  a  dip  of  1  in  240,  but  for 
rough  underground  ditches  1  in  180  is  the  most  suitable  grade. 
The  new  headings  "d"  are  made  through  the  gob  to  the  full 
pitch  of  the  seam,  for  the  purpose  of  cutting  of  the  gob  roads, 
about  every  300  feet.     Headings  "a"  are  self-acting  inclines, 
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operated  on  what  is  known  as  the  "cut-chain  system"  of  haulage. 
The  miner's  assistant,  or  the  contractor's  pusher,  pushes  the 
loaded  cars  along  the  side  roads  "c"  to  the  headings  or  cut-chain 
inclines,  which  are  double-tracked.  One  man  attends  to  the 
coupling  and  uncoupling  of  the  cars,  while  another  attends  the 
brake  drum  or  wheel.  The  cars  are  run  to  the  level  road  and  are 
then  conveyed  to  the  shaft  bottom  by  horses  or  mechanical 
haulage.  This  cut-chain  system  of  incline  haulage  is  an  inex- 
pensive one  and  the  wonder  is  that  it  is  not  in  more  general  use 
in  this  country. 

The  cleavage  plane  is  an  important  factor  in  the  mining 
of  coal.  If  the  coal  is  strong  and  hard  it  is  often  best  to  advance 
the  working  face  at  right-angles  to  the  cleavage  plane,  and  if 
the  coal  is  soft,  it  is  often  best  to  advance  the  coal  face  parallel 
to  the  line  of  strike.  There  is  always  one  direction  in  which  the 
coal  breaks  easiest  and  produces  the  largest  percentage  of  lump 
coal.  The  working  represented  in  Fig.  3  shows  the  coal  being 
mined  along  the  line  of  strike,  even  though  the  coal  were  hard. 
It  was  found  that  the  roof  pressure  acted  best  on  the  coal  face 
when  it  was  mined  in  this  fashion. 

Fig.  4  shows  the  pack  walls  and  gob  roads,  and  also  demon- 
strates the  method  of  breaking  away  longAvall  from  the  pillar. 

Objection  may  be  raised  to  this  method  of  breaking  away 
longwall  directly  from  the  limits  of  the  shaft  pillar,  and  not 
allowing  any  pillar  protection  for  the  main  haulage  roads.  The 
writer's  experience  is  that  pillars  left  to  protect  headings  and 
main  levels  do  more  harm  than  good.  The  cantilever-like  pres- 
sure of  the  subsiding  longwall  strata  "rides"  or  squeezes  over  the 
pillars  into  the  main  roads,  making  them  difficult  to  maintain; 
whereas  in  the  case  of  a  working  opened  out  like  that  represent- 
ed in  Fig.  3,  after  the  first  break  of  the  roof,  and  the  repair  of 
the  roadways,  usually  very  little  trouble  is  encountered.  Pack 
wall  building  should  be  at  least  from  6  to  12  feet  wide.  These 
packs  cannot  be  too  well  built.  If  any  vacant  space  be  left 
it  should  be  in  the  centre  of  the  gob,  lying  parallel  to  the  gob  build- 
ing (Fig.  4),  thereby  inducing  the  greatest  subsidence  at  that 
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Fig.  4. 

Plan  showing  breaking  away  of  longwall  from  shaft  pillar 

and  method  of  packing  roof. 

point.  In  this  way  there  is  less  pressure  on  the  pack  walls  and 
roadways.  The  pack  debris  is  obtained  from  the  under-mining 
of  the  seam,  rock  partings  in  the  coal,  and  the  brushings  from  the 
roof  of  the  roadways.  There  is  generally  sufficient  building 
material  to  be  obtained  from  these  sources.  In  the  case  of  short- 
age of  building  debris,  material  must  be  brought  from  other 
parts  of  the  mine  or  from  the  surface.  All  important  corners 
of  roadways  are  built  of  wood  pillars  or  chocks.  The  work  of 
ripping  the  roadways  and  building  the  road  packs  is  usually 
done  by  contract.  The  contractor's  agreement  usually  demands 
the  ripping  of  the  roof,  thus  making  the  roadways  of  a  stipulated 
height  and  width,  and  the  building  of  the  walls  along  the  sides 
of  the  roads,  for  a  given  sum  per  lineal  foot.  The  object  is  to 
let  the  roof  subside  slowly  in  order  that  the  descending  weight 
may  not  crush  out  the  pack  building.  The  first  breaking  of  the 
roof,  after  a  seam  is  opened  by  the  longA\^all  method,  is  an  anxious 
time  for  the  management,  but  after  the  first  "break",  and  the 
roadways  have  been  properly  retimbered,  there  is  little  cause  for 
anxiety,  as  the  roof  bends  and  subsides  in  a  very  quiet  manner. 
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The  length  of  the  walls  depend  on  the  thickness  of  the 
seam.  A  seam  3^  to  6  feet  in  thickness  would  have  a  wall  of 
from  40  to  60  feet  in  length.  Thin  seams  of  from  if  to  2  feet  in 
thickness  would  have  longer  walls.  In  the  workings  represented 
by  Fig.  3,  the  walls  were  60  feet  long. 

The  headings  where  double  tracking  is  received  are  made 
from  10  to  12  feet  wide;  and  8  feet  high;  while  the  main  level 
roads  are  driven  9  feet  wide  and  8  feet  high.  The  ordinary  side 
or  gob  roads  are  8  feet  wide  and  7  feet  high. 


Fig.  5. 

Section  of  a  roof  road  in  a  longwall  working  before  and 

after  the  subsidence. 

Longwall  roads  shrink  to  less  than  half  their  original  size, 
as  is  illustrated  by  Fig.  5,  as  a  result  of  the  roof  pressure.  A.  B.  C. 
D.  show  the  road  in  its  original  form,  and  F.  G.  H.  and  I.,  show 
the  size  of  the  road  after  subsidence.  When  the  roads  become 
too  low  and  too  difficult  to  maintain  they  are  cut  off  by  new 
cross  headings  or  slants,  and  abandoned. 

What  is  known  as  the  "face"  is  the  space  between  the 
gob  buildings  and  coal  wall,  which  is  from  6  to  9  feet  wide. 
Two  rows  of  props,  with  caps,  are  set  along  the  face  at  right 
angles  to  the  roof  and  floor.  The  props  are  from  4  to  6  inches 
in  diameter  and  are  set  into  the  floor  about  one  inch  to  prevent 
them  from  being  displaced.  The  cap  on  the  top  of  the  prop  is 
15  inches  by  9  inches  by  if  inches,  and  is  set  lengthways  to 
the  right  angle  of  the  slips,  or  fissures,  in  the  roof. 
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After  a  working  place  has  been  timbered,  undercutting 
is  commenced.  As  this  operation  proceeds  the  face  of  the  coal  is 
spragged.  This  is  a  necessary  precaution  to  avoid  danger  from 
a  fall  of  the  coal.  The  undercut  is  made  either  in  a  soft  clay 
floor,  or  in  the  underpart  of  the  coal.  In  former  years  this  under- 
cutting was  always  made  by  a  miner  with  a  hand  pick,  but  it  is 
now  successfully  done  by  a  coal-cutting  machine.  As  the 
undercutting  proceeds,  the  pressure  of  the  roof  comes  on  the 
undercut  coal  and  breaks  it  into  slabs  or  blocks,  which  are  ready 
to  fall  when  the  spraggs  are  withdrawn.  These  blocks  or  slabs 
of  coal  are  termed  the  "break"  or  "web"  of  coal.  In  Fig.  3, 
commencing  at  a  point  "A",  the  coal  is  mined  towards  "B", 
likewise  from  "B"  to  "C",  and  so  on,  until  the  limits  of  the 
breast  or  face  have  been  reached.  The  shearing  or  perpendicular 
cutting  done  at  A  opens  the  "web"  for  the  whole  line  of  face. 
The  success  of  longwall  work  greatly  depends  on  the  regularity 
in  which  the  web  of  coal  is  worked  from  day  to  day. 

The  mine  represented  by  Fig.  3  is  a  large  and  important 
Scottish  colliery,  and  during  the  years  in  which  it  was  known  to 
the  writer,  no  powder  was  used  to  bring  down  the  coal. 

Fig.  6  represents  a  7-feet  seam  divided  in  the  centre  by  a 
2  feet  band  of  rock.  The  seam  is  worked  longwall.  The  bottom 
part  is  first  mined  for  a  distance  of  10  or  12  feet.  The  2-feet 
band  of  rock  is  supported  by  props,  which  are  afterwards  drawn, 
allowing  the  rock  to  fall,  and  this  is  built  into  the  gob. 


Fig.  6. 


Section  showing  the  Longwall  method  of  working  a  seven  foot  seam 
with  a  two  foot  rock  pending  in  the  centre 
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When  the  upper  leaf  of  coal  is  taken  down  and  is  abreast 
of  the  lower  leaf  of  coal,  the  roof  is  thoroughly  propped  and  the 
mining  of  the  lower  leaf  is  once  more  resumed. 

This  is  one  of  the  many  methods  of  longwall  coal  mining. 


Discussion. 


Mr.  J.  M.  Gordon: — (Communication  to  the  Secretary) — 
In  the  beginning  of  this  paper  Mr.  Sharp  makes  the  statement 
that  "a  seam  of  coal  one  foot  thick  contains  1505  tons  of  coal  per 
acre."  Although  the  British  Royal  Commission  on  Coal 
Supplies  takes  1500  tons  per  foot  per  acre  for  estimating  the 
tonnage  of  coal  in  any  field  in  Great  Britain,  this  surely  does 
not  justify  Mr.  Sharp's  contention,  since  in  Canada  we  have 
coals  ranging  from  poor  lignites  to  hard  anthracites.  That  is  a 
range  in  specific  gravity  of  from  1.15  to  1.50,  or,  in  other 
words,  a  range  of  from  1397  tons  per  foot  per  acre  up  to  1823 
tons  per  foot,  per  acre. 

Another  statement  is  made  that  1  in  180  to  1  in  200  is 
the  best  gradient  at  which  a  level  road  can  be  driven.  I  should 
like  to  be  informed  how  Mr.  Sharp  arrives  at  these  figures. 
He  cites,  as  a  practical  example,  the  Fifeshire  mines  in  Scotland. 
The  average  Fife  condition  is  that  an  empty  hutch  weighs 
5  cwts.,  a  full  hutch  15  cwts.,  while  a  pusher  weighs  112  lbs. 
If  Mr.  Sharp  would  go  to  the  trouble  of  working  the  natural 
gradient  from  this  he  will  find  that  it  comes  to  approximately 
1  in  107. 

One  or  two  remarks  may  be  made  on  the  subject  of  shaft 
pillars.  Under  the  four  headings  given  in  the  paper,  the  third 
one,  I  think,  should  be  eliminated,  as  it  plays  no  part  in  the 
calculations.  No  shaft  pillar  should  be  left  so  narrow  that  the 
strength  of  the  coal  would  have  to  play  the  smallest  part  in  the 
determination  of  its  size.  Instead  of  the  third  might  be  inserted : 
"Allowance  for  any  fault  that  the  shaft  may  have  passed 
through,"  which  is  a  vitally  important  point;  and  as  a  fifth  may 
be  added — "adequate  pillar  to  be  left  for  a  protection  to  bankhead 
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and  machinery."  This  is  a  consideration  in  the  new  deep  shafts 
now  being  sunk  in  Europe,  since  at  these  collieries  the  above 
ground  machinery  covers  a  large  area.  In  the  Scottish  coalfield, 
where  the  strata  are  soft,  the  general  law  for  subsidence  recog- 
nized in  the  courts  of  law  is  that  one-third  the  depth  in  radius 
shall  be  left  as  a  pillar  when  there  are  no  faults  to  accentuate 
any  draw  in  the  strata.  In  Westphalia,  where  the  strata  are 
much  stronger  than  in  the  Scottish  fields,  a  pillar,  the  limits 
of  which  is  bounded  by  a  15°  angle  from  the  points  to  be  protected 
is  taken. 

When  detailing  the  advantages  of  working  longwall,  the 
author  states:  "The  mine  is  generally  more  moist  in  longwall 
and  consequently  the  liability  of  a  dust  explosion  is  reduced  to 
a  minimum."  The  natural  conclusion  from  this  is  that  if  the 
longwall  method  of  working  coal  is  adopted,  the  chances  of  dust 
explosions  are  at  a  minimum.  If  that  be  so,  why  in  the  Rhine 
Provinces  of  Germany  do  they  spray  their  main  haulage  roads 
in  the  longwall  workings  ? 

It  would  also  be  interesting  if  Mr.  Sharp  would  explain 
what  he  means  by,  when  referring  to  longwall  work:  "The  coal 
is  not  deteriorated  in  quality  as  in  pillar  work".  Moreover,  I 
challenge  the  accuracy  of  the  statement  that,  "In  the  Welling- 
ton coalfield,  by  using  the  longwall  method  described,  resulted 
in  60%  lump  and  40%  slack,  while  no  coal  was  lost  in  mining." 
Surely  Mr.  Sharp  does  not  mean  to  imply  that  in  a  case  where 
40%  slack  is  made,  it  were  possible  to  bring  it  all  out  of  the 
mine? 

In  Fig.  3,  the  author  illustrates  a  method  of  working  long- 
wall  that  s  hardly  if  ever  practised,  since  much  more  economical 
methods  have  been  discovered.  I  submit  a  drawing.  Fig.  7, 
showing  the  usual  method  of  breaking  away  a  longwall  section 
from  the  shaft  pillar  along  with  nine  months'  extraction.  The 
headings  are  driven  to  the  rise  every  eighty  yards,  and  goaf 
roads  broken  away  from  the  headings  every  ten  yards.  The 
goaf  roads  are  cut  off  on  the  advancement  of  the  inner  headings. 
These  headings  wherever  possible  have  the  cut  chain  system 
applied  to  them.  "C"  represents  what  is  usually  called  the  dip 
level.     This  level  is  seldom  back  brushed,  since,  when  it  begins 
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Shaft  Pillar 
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A.  Headings. 

B.  Main  Level. 

C.  Dipping  Well. 

D.  Goaf  Roads. 


Fig.  7 


to  get  too  low,  a  new  dipping  is  set  away  from  the  face  of  the  level, 
and  cuts  off  the  operating  dipping  level.  This  dipping  level 
is  driven  solely  for  the  purpose  of  extracting  the  coal  for  approx- 
imately 25  yards  to  the  dip  of  the  main  level,  so  that  when  subsi- 
dence and  creep  take  place,  the  main  level  will  not  suffer  the 
main  breaks.  Mr.  Sharp's  Fig.  4  shows  no  dipping  level;  and 
I  am  sure  if  a  break  occurred  along  the  rib  side  of  the  coal,  his 
level  would  suffer  unduly,  and  would  probably  close ;  at  any  rate 
it  would  be  a  constant  item  of  expense.  To-day  in  Fifeshire 
(the  home  of  longwall)  nearly  all  the  coal  seams  from  18"  to 
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48"  are  worked  by  longwall  coal-cutters,  which  cut  from  100 
to  120  yards  in  a  shift,  the  depth  of  the  undercut  varying  with 
the  height  and  nature  of  the  coal.  My  second  drawing,  Fig.  8, 
illustrates  the  working  of  a  20  inch  seam  in  this  fashion. 


Plan  of  Longwall  method  of  working  a  20"  inch 
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Mr.  Sharp: — Mr.  J.  M.  Gordon's  remarks  on  my  paper  are 
doubtless  based  on  study  and  experience,  and  from  his  standpoint 
are  correct.  Conditions  so  change  in  mining  that  what  would 
seem  best  in  the  light  of  one  person's  experience,  would  not  in 
that  of  another's.     This  is  why  mining  is  not  an  exact  science. 

To  reply,  seriatim,  to  Mr.  Gordon,  I  may  say  that  while 
the  weight  of  coal  varies  according  to  its  specific  gravity,  I  believe 
1505  tons  of  coal  per  foot  per  acre  represents  about  the  average 
quantity. 

Next,  a  gradient  of  about  1  in  180  to  1  in  200  is  best  suited 
for  underground  level  roads,  where  the  roads  are  well  built, 
cars  and  track  having  a  minimum  amount  of  friction.  I  may  here 
add  that  a  grade  of  1  in  132  is,  in  my  opinion,  the  most  suitable 
for  sidings  at  shaft  bottoms,  etc. 

On  the  question  of  shaft  pillars.  The  principles,  mentioned 
under  the  four  headings,  will  cover  the  ordinary  requirements 
of  coal  mining.  In  the  case  of  very  deep  shafts,  and  extensive  sur- 
face plants  covering  a  large  area,  it  is  for  the  engineer  to  enlarge 
the  pillars  to  suit  the  exigencies  of  unusual  conditions 

I  have  found  longwall  underground  workings  generally 
more  moist  than  the  underground  workings  of  pillar  and  stall, 
because  of  the  regular  breaking  of  the  stratum  between  the  coal 
seam  and  the  surface,  thus  allowing  the  water  to  come  down 
into  the  workings.  I  have,  known  longAvall  workings,  however, 
to  be  very  dry,  there  being  little  or  no  water  in  the  stratum  and 
surface;  but  the  former  conditions  are  more  general.  And  for 
that  reason  I  believe  the  likelihood  of  a  dust  explosion  in  a 
longwall  working  is  less  than  in  pillar  and  stall  working.  In 
fact  this  is  an  important  feature  of  the  long\vall  method  of  min- 
ing that  has  not  received  sufficient  attention  from  mining  men. 
I  have  no  experience  of  mining  in  the  German  Rhine  Provinces, 
but  when  the  German  engineers  spray  their  main  haulage  roads 
in  longwall  working  they  doubtless  have  good  reason,  for  as  I 
understand  it,  the  coal  there  is  much  softer  then  the  general  run 
of  British  and  American  coals,  and  consequently  makes  much 
more  dust;  besides  the  stratum  above  the  coal  there  may  contain 
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less  water  than  do  British  and  Pacific  coast  coal  measures.  My 
experience  has  been  gained  in  these  fields,  and  of  them  only  I 
write. 

I  believe  I  am  correct  in  saying  "the  coal  is  not  deteriorated 
in  quality  as  in  pillar  work".  In  the  case  of  long  workings, 
fresh  or  new  coal  is  opened  out  almost  daily,  while  in  the  case 
of  pillar  work,  much  of  it  may  be  exposed  to  the  deteriorating 
effects  of  atmospheric  influences  for  years. 

I  accept  Mr.  Gordon's  correction  respecting  the  quantity 
of  coal  obtained  from  the  thinner  parts  of  the  Wellington  seam, 
inasmuch  as  I  should  have  said  "practically  no  coal  was  lost." 

The  method  of  working  described  in  Fig.  3  of  my  paper, 
was  a  great  success  where  it  was  employed.  As  to  sketch  Fig.  4, 
the  level  roads  once  enlarged  give  no  further  trouble.  No  dip 
workings  were  necessary.  The  boundary  of  the  property  was 
almost  parallel  to  the  line  of  strike.  If  the  level  road  there  had 
been  driven  to  a  grade  of  1  in  107,  much  coal  would  have  been  left 
to  the  low  side  of  the  level  and  never  recovered. 

Mr.  Gordon: — I  cannot  agree  with  Mr.  Sharp  in  driving 
his  levels  at  a  gradient  of  1  in  180  to  1  In  200.  Notwithstanding 
the  proof  and  reasons  I  have  put  forward  why  the  levels  of  the 
district  under  discussion  should  be  driven  at  1  in  107,  Mr.  Sharp 
still  adheres  to  the  general  statements,  which  have  no  mathe- 
matical foundation.  In  the  mines  in  Fifeshire  where  proper 
engineering  methods  are  adopted,  the  level  1  In  200  is  not  a 
natural  gradient  and  can  never  be. 

Mr.  Sharp  is  labouring  under  a  misapprehension  when  he 
believes  the  coal  of  Westphalia  Is  softer  and  more  liable  to  create 
dust  than  the  high  grade  bituminous  coals  of  South  Wales  or 
those  of  the  Pocahontas  district  of  West  Virginia. 

Mr.  Sharp  evidently  has  a  belief  that  coal  seriously  deterior- 
ates when  worked  by  stoop  and  room.  No  coal  should  stand 
for  years,  as  Mr.  Sharp  says.  That  certainly  is  bad  engineering. 
The  deterioration  In  a  pillar  forty  yards  by  thirty  yards  that  has 
stood  for  years  is  only  6.5  tons  out  of  the  1440  tons,  when  the 
coal  is  48  inches  thick.  This  6 . 5  tons  has  deteriorated  so  little 
that  It  has  no  affect  on  the  commercial  value  of  the  coal.     This 
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make-believe  deterioration  is  too  often  exaggerated.  It  is 
only  after  coal  has  been  subjected  to  atmospheric  weathering 
or  the  action  of  the  lumus  acids  that  it  deteriorates,  and  then 
the  deterioration  is  not  as  much  as  is  usually  thought.  In  the 
case  of  a  completely  weathered  coal  containing  one  per  cent,  of 
sulphur  as  ferous  sulphate  (FeS04  7H2  O)  it  absorbs  2lf  calories 
of  heat,  or  on  an  average  of  three  quarters  of  one  per  cent,  of  the 
heating  value. 

The  fact  that  in  Sketch  4,  the  levelwas  driven  at  1  in  180  and 
parallel  with  the  march-line,  does  not  make  the  case  any  better. 
This  was  only  a  coincidence.  I  have  seen  two  or  three  cases 
where  the  march-line  was  supposed  to  be  on  the  strike,  but  actual- 
ly was  found  to  be  about  1  in  20.  Reasoning  in  the  same  manner 
as  Mr.  Sharp,  his  level  would  have  travelled  a  very  short  distance 
ere  it  crossed  the  boundary. 


SOME   NOTES   ON   THE   GROUNDHOG   ANTHRACITE 
COALFIELD. 

By  Geo.  Watkin  Evans 

{Western  Branch,  Nanaimo  Meetitig,  March,  igi3) 

Many  wild  and  extravagant  statements  have  been  made 
concerning  the  Groundhog  anthracite  coalfield.  As  the  writer's 
name  has  been  used  without  authority  in  connection  with  some 
of  these  statements  he  takes  this  opportunity  of  expressing, 
for  the  first  time  publicly,  his  opinions  concerning  it,  based  on 
field  work  undertaken  in  1912.  For  a  proper  understanding 
of  the  subject  it  is  necessary  to  refer  first  to  the  sources  of  an- 
thracite coal  tributary  to  the  Pacific  Coast. 

In  the  State  of  Washington  there  are  two  small  areas  in 
which  anthracite  occurs,  namely,  in  the  eastern  portion  of  Lewis 
County,  and  on  the  northern  slopes  of  Mount  Baker,  near  the 
town  of  Glacier.  Although  both  have  been  prospected,  neither 
yet  has  been  productive,  and  future  possibilities  in  this  respect 
are  not  particularly  encouraging.  An  anthracite  field,  that  has 
been  productive  for  some  years,  is  found  in  Alberta.  In  fact, 
this  is  the  only  coalfield  tributary  to  the  Pacific  Coast  in  which 
anthracite  is  mined.  Dowling  estimates  that  the  supplies  here 
represent  400,000,000  tons  of  anthracite  and  880,000,000  tons  of 
semi-anthracite.  During  the  year  1906,  235,000  tons  of  coal  were 
mined  from  this  field;  while  in  1911,  approximately  80,000 
tons,  or  about  one-third  of  the  former  output  was  extracted. 
Anthracite  coal  also  occurs  on  Graham  Island,  of  the  Queen  Char- 
lotte Group,  B.C.  There  is,  however,  a  divergence  of  opinion 
concerning  the  commercial  value  of  this  field,  and  the  fact  that 
little,  if  any,  of  the  coal  has  been  shipped  is  not  a  favourable 
indication  in  view  of  the  fact  that  the  coal  beds  are  close  to  tide 
water. 

The  next  anthracite  field  to  the  north,  so  far  as  known, 
is  in  the  Groundhog  basin. 
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Still  further  northward  an  anthracite  coal  area  is  found 
in  the  Controller  Bay  district  of  Alaska,  about  75  miles  north- 
west of  Mount  St.  Elias.  A  very  high  grade  anthracite  occurs 
in  the  northeastern  part  of  this  field,  which,  however,  is  badly 
disturbed,  and  since  the  coal  is  in  disconnected  lenses,  the  costs 
of  mining  must  inevitably  be  high.  Here  the  semi-bituminous 
coals  will  be  mined  first,  for  the  reason  they  are  more  available 
and  less  badly  disturbed.  Thus  many  years  must  pass  before  any 
legitimate  attempt  shall  be  made  to  mine  the  anthracite.  In 
recent  years  the  United  States  press  has  devoted  much  attention 
to  this  coalfield,  but  many  of  the  accounts  of  its  value  have  been 
greatly  exaggerated. 

Lastly,  is  the  Matanuska  field,  situated  about  175  miles 
north  of  Seward,  a  port  on  the  Alaskan  coast.  The  known  area 
of  anthracite  here  is  about  four  square  miles,  but  since  the  field 
is  badly  broken  and  is  remote  from  transportation,  it  is  question- 
able whether  it  will  attain  commercial  importance  for  many  years. 

Thus,  excepting  only  that  derivable  from  the  Alberta  field, 
the  prospective  supply  of  anthracite  from  sources  near  the  Pacific 
coast  does  not  present  a  very  favourable  showing. 

The  Groundhog  Field. 

The  Groundhog  field  is  situated  about  latitude  57  North, 
and  longitude  128  West,  and  about  150  miles  from  the  town  of 
Hazelton,  B.C.,  whence  it  is  reached  by  a  trail.  The  trail 
follows  the  Skeena  River  and  its  tributaries  until  the  fourth 
cabin  is  reached ;  there  it  swings  to  the  west,  pasiing  the  headways 
of  the  Nass  River  at  a  point  between  the  fifth  and  sixth  cabins; 
thence  over  the  Groundhog  pass,  down  to  the  Skeena  watershed 
and  into  the  coalfield. 

The  existence  of  coal  in  this  field  has  been  known  for  ten 
years,  but  it  is  only  during  the  last  four  years  that  active  devel- 
opment has  been  undertaken.  During  this  period  several 
companies  prospected  this  area,  but  until  last  summer  nearly 
all  work  was  confined  to  the  Skeena  watershed.  In  1912,  the 
Clappan  areas  were  prospected.  The  writer  did  not  visit  these 
areas,  but  was  informed  that  they  contain  promising  outcrops. 
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In  this  connection  attention  is   restricted  to  areas  within  the 
Skeena  watershed,  commonly  called  the  Groundhog  field. 

Topography. — The  elevations  range  from  about  3000  to 
7200  feet  above  sea  level  in  this  field.  To  the  east  of  the  area 
proper  is  a  range  of  rugged  mountains,  the  formation  being  a 
series  of  thickly-bedded  conglomerates  ;  while  to  the  west  is 
another  range  of  rugged  peaks,  composed  chiefly  of  sandstones 
and  shales,  with  some  beds  of  conglomerates.  In  some  places 
the  hills  show  the  effects  of  glacial  erosion  and  are  considerably 
rounded;  while  in  others  there  are  many  cliffs,  usually  the  result- 
ing walls  of  large  faults.  The  Groundhog  basin  is  quite  access- 
ible to  a  railway,  there  being  but  few  difficulties  to  overcome. 

Geology. — The  formation  here  is  lower  Cretaceous,  and  the 
field  is  therefore  of  the  same  age  as  the  anthracite  field  of  Alberta, 
and  the  bituminous  coalfields  of  the  Crowsnest,  B.C.  The 
Groundhog  Basin  is  bounded  on  the  east  by  the  Paleozoic 
metamorphics,  and  on  the  west  by  the  post-Cambrian  intrusives. 
For  convenience,  the  writer  divided  the  geological  columns  into 
four  sub-divisions,  which  are  referred  to  as  the  Conglomerate, 
Trail  Creek,  Telfer  and  Table  Mountain  series,  respectively, 
the  Conglomerate  being  the  bottom,  and  Table  Mountain  the 
top  formation  of  the  series.  In  respect  of  the  Trail  Creek  and 
Telfer  series,  this  classification  is  purely  arbitrary ;  but  an  endeav- 
our has  been  made  to  give  a  commercial  and  a  non-commercial 
significance  to  the  classification  of  the  coal-bearing  strata. 

The  Conglomerate  series  is  composed  of  many  beds  of  con- 
glomerate; some  of  which  are  150  to  200  feet  in  thickness.  The 
pebbles  are  approximately  the  size  of  hens'  eggs. 

The  next  series  upward  in  the  column  is  the  Trail  Creek. 
The  writer  had  selected  the  lower  2,800  feet  of  the  coal-bearing 
strata  as  representing  this  series.  It  is  composed  of  beds  of 
sandstone,  shale,  coal,  boney  beds  and  carbonaceous  shales. 
There  are  many  coal  outcrops  in  this  area;  but  they  are  nearly 
all  too  high  in  ash  to  be  of  much  commercial  value.  Analyses 
of  presumably  picked  samples  have  been  published,  but  these 
certainly  did  not  represent  the  average  composition  of  the  coals, 
judging  from  the  results  obtained  by  the  writer  after  careful 
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sampling  to  determine  the  average  composition  of  coal  that  would 
go  into  the  mine  cars  should  these  beds  be  mined.  Another  draw- 
back here  to  economic  working,  is  the  crushed  condition  of  the 
formation.  The  area,  however,  has  not  been  thoroughly  pros- 
pected, and  consequently  it  is  not  impossible  that  beds  of  econom- 
ic value  may  yet  be  found. 

The  Telfer,  which  overlies  the  Trail  Creek  series  and  repre- 
sents the  upper  1150  feet  of  the  coal-bearing  strata,  consists 
of  beds  of  sandstone,  shales  and  coal.  As  previously  stated,  this 
series  represents,  in  the  writer's  judgment,  the  commercially 
valuable  portion  of  the  coal-bearing  series.  There  are  two  or 
more  beds  in  this  series  that  are  most  promising.  The  following 
analysis  was  made  from  a  fair  sample  taken  from  one  of  the 
outcrops: 

Moisture 2 .  62 

Volatile  combustible 6.96 

Fixed  carbon 84 .  49 

Ash 5 .  93 

Sulphur 5.75 

B.  T.  U 13,814.00 

The  coal  in  this  bed  at  the  outcrop  is  firm  and  bright,  will 
produce  a  very  large  percentage  of  lump  coal,  and  will  stand 
handling.  In  general  the  bed  is  one  of  great  promise.  Both 
walls  are  firm  and  will  give  splendid  bottom  and  roof  for 
actual  mining  operations.  The  coal  in  the  bed  is  5  feet,  5  inches 
thick,  having  but  one  parting.  In  the  properties  examined,  an 
area  of  probably  25  square  miles  is  underlain  with  this  series. 
It  is  highly  probable  that  this  series  extends  to  the  northwest 
beyond  the  area  examined. 

The  Table  Mountain  series  overlie  (it  is  believed,  uncon- 
formably)  the  Telfer  series.  This  series  is  more  than  1500 
feet  thick.  This  will  have  no  effect  on  the  underlying  strata, 
except  where  the  thickness  increases  until  it  becomes  too  great 
an  overburden  for  the  conduct  of  mining  operations. 

Geological  Structure. — The  entire  region  is  a  series  of  folds, 
with  their  axes  lying  in  a  northwest  and  southwest  direction. 
The  courses  of  the  stream  are  controlled  more  or  less  by  the 
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directions  of  folds.  The  axes  of  the  folds  plunge  to  the  north- 
west from  a  point  near  the  mouth  of  Moss  River,  and  apparently 
plunge  to  the  southeast  from  a  point  northwest  of  the  mouth  of 
Beirnes  creek.  If  this  is  the  case,  the  Groundhog  field  is  a 
huge  elongated  basin,  comprising  a  series  of  synclines  and  an- 
ticlines with  the  former  predominating,  and  thus  forming  a 
synclinorium.  The  series  is  eroded  in  many  places  leaving  only 
the  synclines.  The  folding  and  faulting  is  heavier  in  the  con- 
glomerate series.  In  the  lower  beds  there  is  evidence  of  severe 
compression,  and  in  many  instances  slaty  cleavage  has  developed. 

Even  though  beds  containing  commercially  clean  coal 
be  found  later  in  the  Trail  Creek  series,  the  severe  compression 
with  its  resulting  folding  and  faulting  will  render  operations 
troublesome  and  expensive — in  fact,  too  expensive  to  permit 
of  successful  work  in  competition  with  mining  in  less  folded  areas. 
Many  of  the  folds  observed,  in  fact  nearly  all,  were  overturned 
with  their  axes  dipping  to  the  southwest. 

Tonnage, — From  time  to  time  estimates  have  been  published 
of  coal  supplies  in  an  area,  but  no  explanation  has  been  afforded 
of  the  basis  of  calculation.  Without  such  explanation,  the 
estimates  in  question  are  of  little  value.  Thus  to  calculate  the 
tonnage  of  a  field,  such  as  the  Groundhog,  it  would  be  necessary 
to  know  the  number  and  the  extent  of  the  commercially  valuable 
coal  beds.  Until  that  is  done,  and  the  commercial  bases  are 
correlated  and  the  proper  maps  made  of  the  districts,  any  tonnage 
estimate  is  mere  guesswork. 

In  an  article  published  recently  by  a  Victoria  newspaper, 
the  statement  was  made  that  the  coal  in  the  Groundhog  field 
represented  200,000,000  tons.  A  further  statement  appeared 
that  this  area  was  equal  in  importance  to  the  anthracite  field  of 
Pennsylvania.  The  absurdity  of  this  comparison  may  be  guaged 
from  the  fact  that  the  coal  supplies  of  the  Pennsylvania  anthra- 
cite field  were  originally  estimated  at  21,000,000,000  tons. 

Metamorphism  to  A fithracite.— As  already  stated,  the  coal- 
beds  of  this  district  are  of  the  same  age  as  the  bituminous  beds 
of  the  Crowsnest  Pass  field.  The  change  from  bituminous 
coal  to  anthracite  coal  has  been  caused  by  severe  compression 
accompanied  by  highly  heated  waters.     Evidence  of  the  extreme 
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pressure  is  to  be  found  in  the  numerous  and  complex  folds,  and 
of  the  presence  of  heated  water  in  the  numerous  stringers  of 
quartz  and  calcite  in  many  of  the  coal  beds,  and  the  joint  planes 
of  the  rocks.  Quartz  stringers  are  numerous  in  the  beds,  and  their 
presence  or  absence  affects  to  an  important  degree  the  commercial 
value  of  the  coal,  since  the  removal  of  the  quartz,  except  by  crush- 
ing and  washing,  is  not  practicable. 

It  has  been  suggested  that  the  stringers  are  of  volcanic 
origin.  No  evidence  was  observed,  however,  of  igneous  rocks 
in  the  field,  and  it  is  doubtful  if  any  evidence  exists  in  the 
Skeena  watershed,  although  it  is  obtainable  in  the  Clappan  area. 

Extent  of  Coal  Area. — The  statement  has  been  made  that 
two  thousand  claims  have  been  staked  in  the  Groundhog  field. 
To  some  this  signifies  the  existence  of  two  thousand  square  miles 
of  valuable  coal  land.  The  writer  travelled  over  60  square  miles 
that  had  been  staked  for  coal,  but  did  not  see  a  single  coal-bed 
outcropping;  while  if  outcrops  occurred  they  would  be  discerned 
readily. 

Commercial  Value  of  the  Field. — In  dealing  with  the  com- 
mercial value  of  this  coalfield,  there  are  many  factors  to  be 
considered.  These  include  the  quantity,  quality  and  physical 
character  of  the  coal;  the  mining  and  climatic  conditions,  markets 
for  coal  of  this  class,  character  and  prices  of  available  labour 
and  transportation.  The  quantity  and  quality  of  the  coal  must 
first  be  determined  before  capital  will  be  risked  in  the  provision 
of  railway  facilities,  without  which  the  field  is  practically  value- 
less. Although  the  cost  of  railway  building  would  be  large, 
there  are  no  insurmountable  physical  difficulties.  The  field 
may  be  entered  by  several  routes,  the  distances  ranging  from  one 
hundred  and  twenty-five  to  two  hundred  and  twenty-five  miles. 
At  present  access  is  afforded  by  the  trail  from  Hazelton  only. 

The  probable  quantity  of  coal  that  may  be  sold  will  depend 
largely  on  its  quality.  Hence  this  influences  materially  the 
question  of  railway  tonnage,  and  indirectly  the  transportation 
rates  and  over-head  charges  in  mining. 

In  respect  of  mining  conditions,  where  the  coal  beds  are 
regular  and  are  not  folded  or  faulted,  mining  costs  will  not 
be  excessive,  although  probably  higher  than  at  collieries  either 
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on  Vancouver  Island  or  in  the  State  of  Washington.  Portions  of 
the  field  will  prove  fairly  regular,  while  other  portions  are 
probably  so  severally  faulted  and  folded  as  to  be  valueless. 

The  climatic  conditions  and  the  character  of  the  coun- 
try influence  to  some  extent  the  class  of  miners  that  will  be 
obtainable.  The  climate  during  the  spring,  summer  and  autumn 
is  not  unpleasant,  but  during  the  winter  the  cold  is  relatively 
severe.  The  disadvantages  in  this  respect  will  be  offset  in  a 
measure  by  the  hunting  and  fishing  opportunities  and  by  the 
beautiful  surroundings. 

A  market  for  this  coal  would  probably  require  development, 
since  Pacific  Coast  consumers  are  accustomed  to  burn  bituminous 
coals,  which,  by  reason  of  the  mild  climate  of  the  Pacific  Coast 
as  compared  with  Eastern  America,  has  served  the  purpose. 
The  writer  believes,  however,  that  a  market  may  be  made  for 
the  Groundhog  anthracite  at  prices  in  advance  of  those  paid 
for  softer  coals.  No  doubt,  this  market  will  not  be  very  extensive 
at  first,  but  it  will  expand  steadily.  At  present  the  fuel  oil  of 
California  competes  strongly  with  coal,  but  as  the  supply  of  oil 
diminishes,  the  demand  for  coal  will  increase. 

In  brief,  conditions  in  the  Groundhog  basin  may  be  summar- 
ized as  follows:  There  are  some  beds  containing  coal  of  excellent 
quality — the  best  domestic  coal,  in  fact  in  the  writer's  knowledge, 
on  the  Pacific  coast.  For  coal  of  this  quality  a  reasonably  good 
market  is  assured.  In  portions  of  the  field  mining  conditions 
admit  of  production  at  permissable  costs.  In  other  portions  costs 
will  be  prohibitive.  Railway  communication  to  tidewater  is 
feasible,  and  transportation  charges  probably  will,  in  relation 
to  the  grade  of  the  coal,  be  moderate.  Within  the  Skeena, 
Clappan  and  Nass  watersheds  will  be  found,  it  is  believed,  a  suffi- 
cient quantity  of  high-grade  mineable  coal  to  warrant  the  build- 
ing of  a  railway. 

It  may  be  added,  however,  that  in  the  writer's  judgment, 
no  comparison  can  be  made  between  this  field  and  that  of 
Pennsylvania,  either  as  regards  quantity  of  coal  or  in  the  matter 
of  mining  costs.  The  field,  however,  is  a  valuable  asset  to  the 
Province  of  British  Columbia.  It  should  be  exploited  along 
sane  and  prudent  lines. 
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Anthracite  Camp  on  Trail  Creek,  Ground  Hog  coalfield 


No.  77.  Close-jointing  In  Sandstone,  indicating  degree  of  comparison. 


Conglomerate  Mountains  east  of  the  coalfield 
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Ground  Hog  Coalfield. — The  flowers  are  growing   above  the  timber  line. 


Glaciated   Hills,  Ground  Hog  Coalfields. — In  the  middle  distance  a 
caribou  maj^  be  seen. 


View  above  the  coalfield  from  the  summit  of  Goat  Mountain. 


The  south-eastern  corner  of  the  coalfield  from  the  summit  of  Jackson 
Mt.,  looking  S.E. — Conglomerate  Mts.  in  background. 


Folds  in  face  of  cliff,  Operator  Mt.,  Ground  Hog  coalfield. 
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The  following  is  a  tabulated  result  of  the  analyses  of  twenty- 
one  samples  of  coal  taken  from  the  Groundhog  Basin: 


Sample 

Vol. 

Fixed 

Number 

Moisture 

Matter 

Carbon 

Ash 

Sulphur 

B.T.U. 

1 

4.42 

6.58 

58.96 

30.04 

1.61 

9930 

2 

4.01 

13.08 

57.71 

25.20 

2.42 

9600 

3 

2.71 

6.09 

67.42 

23.78 

3.05 

12650 

4 

2.97 

5.59 

65.60 

25.84 

1.90 

11520 

5 

2.45 

3.86 

63.96 

29.73 

1.93 

10280 

6 

3.55 

4.02 

70.68 

21.75 

0.99 

11980 

7 

3.75 

5.74 

65.15 

34.36 

1.57 

9600 

8 

4.50 

6.25 

47.73 

41.52 

0.99 

7800 

9 

3.77 

4.27 

57.75 

34.21 

0.60 

9580 

10 

5.95 

13.32 

46.67 

34.06 

0.44 

9360 

11 

3.20 

7.02 

49.43 

40.35 

0.99 

7860 

12 

1.17 

6.05 

76.20 

16.58 

0.72 

12215 

13 

1.04 

9.39 

67.89 

22.68 

14 

1.17 

6.54 

83.37 

8.92 

0.74 

"  13238"' 

15 

2.39 

7.90 

78.54 

10.18 

0.99 

16 

4.12 
5.95 
2.62 

7.43 
8.00 
6.96 

82.60 
82.00 
84.49 

5.85 
4.05 
5.93 

1.46 
0.49 
5.75 

17 

18 

"l38i4" 

19 

5.75 
4.45 
1.40 

7.34 
8.75 
6.06 

75.26 
79.25 
70.68 

11.65 

7.55 

21.86 

20 

21 

"' I'.eo" 

" 11788   " 

MINE   RESCUE  AND   FIRST-AID   WORK.— 

WITH  SPECIAL  REFERENCE  TO  ROSLYN 

MINES,   WASH. 

By  J.  F.  Menzies,  Roslyn,  Washington,  U.S.A. 
{Western  Branch  Meetmg,  Nanainw,  1913) 

The  development  and  perfecting  of  breathing  apparatus 
has  brought  quite  prominently  before  the  mining  world  the  ques- 
tion of  mine-rescue  work.  Within  the  last  few  years  commissions 
have  been  appointed  by  various  governments  to  investigate  the 
subject,  and  as  a  result  in  many  parts  of  North  America  mine 
rescue  corps  have  been  organized,  and  training  stations  estab- 
lished under  governmental  auspices.  Thus  when  a  fire  or  ex- 
plosion takes  place  at  a  colliery  within  reachable  distance  of 
the  station  in  question,  efficient  aid  is  rendered  without  delay. 

The  two  principal  factors  in  modern  rescue  work  are  the 
man  and  the  apparatus.  Both  have  important  functions  to 
perform.  The  man,  however  courageous  and  willing,  is  abso- 
lutely helpless  in  air  contaminated  with  poisonous  gas,  or  where 
oxygen  is  insufficient  to  sustain  life.  With  the  modern  breath- 
ing apparatus,  however,  he  can  live  and  work  for  hours  in  the 
most  poisonous  gases  with  a  reasonable  degree  of  safety  and 
comfort. 

To  make  a  good  rescue  worker  the  man  should  be  cool-brain- 
ed, physically  strong,  free  from  heart  or  lung  trouble  or  any  con- 
tagious disease;  familiar  with  the  apparatus,  understanding  its 
limitations  and  chemical  principles;  and  having  confidence  that 
the  apparatus  with  his  careful  watching,  will  sustain  his  life 
during  the  time  he  intends  remaining  in  the  poisonous  atmos- 
phere. 

The  wearing  of  the  breathing  apparatus  is  not  so  simple 
as  to  the  casual  observer  it  would  appear  to  be.  A  novice  will, 
with  the  aid  of  an  instructor,  put  on  the  apparatus,  walk  about 
for  a  few  minutes  and  then  say:  "That  is  easy,  I  understand 
all  about  it."     Still  he  is  as  incompetent  to  go  into  a  mine  on 
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rescue  work  as  the  raw  recruit  in  the  army  is  incompetent  to 
operate  a  modern  machine  gun.  It  is  just  as  criminal  to  send  a 
corps  of  untrained  men  into  a  mine  to  perform  dangerous  work 
with  breathing  apparatus  as  it  is  to  depend  on  a  freshly  recruited 
army  for  the  defence  of  a  country. 

The  training  in  the  use  of  breathing  apparatus  should  be 
systematic,  conducted  at  frequent  intervals,  and  of  a  character 
to  familiarize  the  learner  with  the  apparatus.  Its  construction, 
principles,  operation,  and  limitations,  must  be  thoroughly  taught, 
until  the  wearer  has  complete  confidence  in  its  reliability  under 
the  most  severe  and  trying  tests.  Hence  the  training  should  be 
conducted  under  conditions  and  amid  surroundings  similar  to 
those  encountered  in  mine  work  in  irrespirable  air. 

In  order  to  make  rescue  work  effective,  each  mine  should 
organize  and  train  its  own  corps,  consisting  of  at  least  six,  prefer- 
ably eight,  men — with  four  sets  of  apparatus.  If  more  than  five 
hundred  men  are  employed  at  the  mine  there  should  be  two  corps; 
and  the  equipment  should  consist  of  six  apparatus  of  the  2-hour 
helmet  type  and  three  of  the  half-hour  mouth  breathing  type. 
The  work  of  organizing  should  be  entrusted  to  some  official  com- 
petent to  give  instruction  in  the  use  of  the  apparatus  and  in 
organizing  rescue  work.  He  should  be  responsible  for  the 
apparatus,  auxiliaries,  and  supplies,  and  be,  in  short,  the  head  of 
the  department.  Each  corps  should  consist  of  a  captain,  a  lieu- 
tenant, and  at  least  six  men.  The}^  should  be  under  strict  dis- 
cipline and  instant  obedience  to  orders  should  be  required  of 
them,  as  neglect  in  this  respect  might  readily,  in  the  case  of 
actual  rescue  work,  endanger  life.  Hence  any  member  of  the 
corps  who  was  not  amenable  to  discipline  should  not  be  allowed 
to  continue  to  serve. 

The  mine  foreman  should  act  as  captain;  the  head  fire  boss 
as  lieutenant,  while  it  should  be  obligatory  on  all  fire  bosses  and 
under  foremen  to  serve  on  the  corps.  Volunteers  should  also  be 
accepted  to  undergo  training.  The  corps  should  meet  at  least  twice 
a  month  in  a  building,  provided  by  the  mine-owner,  fitted  up 
as  a  rescue  station,  where  they  should  be  instructed  in  the  prin- 
ciples of  the  apparatus,  organization  and  rescue  work.  At  each 
meeting  some  of  the  crew  should  wear  the  breathing  apparatus 
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in  a  smoke  room  arranged  to  resemble  mine-workings  as  nearly 
as  possible;  in  this  room  they  should  build  stoppings,  set  tim- 
bers, and  do  stretcher  work,  so  that  they  become  accustomed  to 
mine  work  while  wearing  the  apparatus.  The  rest  of  the  crew 
can  be  instructed  in  the  care  of  the  apparatus,  and  in  first-aid 
and  in  the  resuscitation  of  persons  suffering  from  gas  poisoning 
or  electric  shock. 

The  men  composing  the  crew  should  be  paid  for  the  actual 
time  spent  at  work,  for  if  a  company  expects  to  obtain  any  bene- 
fit from  a  trained  crew  of  men  in  the  time  of  explosion  or  mine  fire, 
it  should  pay  for  the  training  and  the  men  should  be  required 
to  give  efficient  service  in  return. 

The  apparatus  should  be  light,  strong,  "fool-proof",  auto- 
matic, and  self-contained.  The  air  the  wearer  breathes  should 
be  as  near  the  average  atmosphere  in  mixture  and  tempera- 
ture as  possible;  the  act  of  inhaling  and  exhaling  should  be 
without  effort.  It  has  taken  seventy-five  years  to  develop  the 
modern  breathing  apparatus.  The  difficulties  that  retarded 
an  earlier  development  were  a  suitable  air  receptacle,  a  proper 
means  to  feed  the  air,  a  good  absorbent  of  carbon  dioxide,  and 
the  general  belief  that  pure  oxygen  was  detrimental  to  the  human 
system. 

There  are  now  on  the  market  several  makes  and  types  of 
apparatus,  namely: 

Compressed  air;  compressed  oxygen;  compressed  oxygen 
with  regenerators;  chemical  oxygen  with  regenerators  and  liquid 
air  with  regenerators. 

Compressed  air  helmets  supplied  from  air  compressors 
through  hose  have  been  used  successfully  for  years  in  fighting 
fires  in  copper  mines.  This  type  makes  a  very  efficient  fighting 
apparatus,  but  its  range  of  action  is  small  and,  as  explosions  usual- 
ly destroy  the  air  mains,  it  is  hardly  effective  for  exploration 
work. 

The  compressed  oxygen  apparatus  is  familiar  to  all,  and  is 
at  present  the  accepted  type.  While  different  makes  differ 
in  construction,  the  general  principle  is  the  same.  Oxygen 
in  a  cylinder  under  pressure  of  1700  lbs.  per  sq.  in.  is  fed  to  the 
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wearer  through  a  reducing  valve  and  injector.  The  injector 
draws  the  exhaled  air  through  caustic  soda  or  potash  where  the 
carbon  dioxide  is  absorbed,  then  through  a  cooler  and  an  injector, 
where  it  is  mixed  with  the  oxygen. 

If  it  were  not  for  some  of  the  inherent  defects,  the  chemical 
oxygen  apparatus  olTers  a  great  many  advantages  over  compressed 
oxygen  or  liquid  air.  The  apparatus  depends  on  the  action  of 
the  carbon  dioxide  and  water  in  the  exhaled  air  upon  peroxide 
of  potassium  and  sodium.  It  is  easy  to  store  and  transport, 
and  once  charged  it  is  always  fully  charged  until  the  lead  seals 
are  broken.  It  is  to  be  hoped  that  in  time  the  defects  will  be 
overcome. 

In  regard  to  types,  we  have  the  helmet  and  mouth-breathing 
types.  Both  have  advantages  and  defects.  For  all-round  heavy 
work,  and  for  general  use,  the  writer  prefers  the  helmet  type, 
as  it  can  be  worn  in  any  kind  of  gas  for  rescue  work,  or  in  fire  fight- 
ing in  thick  smoke.  For  rapid  rescue  work  after  an  explosion, 
the  mouth-breathing  apparatus  undoubtedly  has  advantages. 

It  is  necessary  to  train  in  the  use  of  both  types  separately, 
for  it  is  not  safe  to  trust  a  man  trained  only  in  the  use  of  the  mouth 
type  with  the  helmet,  while  a  man  trained  with  a  helmet  is  unable 
to  wear  the  mouth  type  with  comfort.  The  apparatus  should  be 
kept  clean  and  sanitary,  at  an  even  temperature,  always  fully 
charged,  free  from  leaks,  and  in  perfect  working  condition  for 
immediate  use.  A  full  supply  of  oxygen,  potash,  and  repair  parts 
should  be  at  hand,  and  a  fully-charged  storage  battery  lamp  with 
extra  battery  should  be  stored  with  each  apparatus. 

The  necessity  of  frequent  training  and  of  maintaining 
the  apparatus  in  perfect  working  condition,  ready  for  immediate 
use,  cannot  be  too  strongly  emphasized.  When  an  accident 
occurs,  a  delay  of  hours  while  the  crew  is  getting  the  apparatus 
ready  for  use,  is  deplorable. 

Quite  often  a  manager  rests  in  the  belief  that  his  apparatus 
is  in  working  order;  but  when  the  occasion  arises  for  its  imme- 
diate use  it  is  found  that  the  oxygen  is  low,  old  potash  is  still  in  the 
case,  the  apparatus  will  not  supply  enough  oxygen  owing  to 
deficient  valves,  the  gaskets  leak,  the  rubber  parts  are  rotten. 
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etc.,  and  hours  must  then  be  spent  In  preparation.  Efficiency- 
can  only  be  obtained  by  thoroughly  maintained  organization 
and  frequent  inspection. 

In  case  of  an  explosion  or  mine  fire,  the  rescue  corps  should 
be  assembled  as  close  to  their  work  as  possible,  in  the  fresh  air, 
and  out  of  the  path  of  a  possible  explosion.  All  their  apparatus, 
reserve  supplies,  pulmotors,  stretchers,  and  first-aid  material 
should  be  taken  to  this  base  and  if  possible  telephone  communica- 
tion should  be  established  with  the  office  and  main  building. 

The  advance  force,  consisting  of  three  men  in  command 
of  a  captain,  fully  equipped  for  two  hours  work,  should  be  des- 
patched on  reconnoitering  work  as  soon  as  practicable,  and  if  it 
is  thought  any  men  are  alive  in  the  mine  the  advance  crew  should 
be  provided  with  half-hour  rescue  apparatus  for  the  entombed 
men  to  wear  in  making  their  escape.  It  is  important  that  in  the 
first  two  hours  every  effort  should  be  made  to  enter  the  mine, 
for  it  has  been  found  that  there  are  good  chances  for  the  resuscita- 
tion of  those  who  have  been  subjected  to  after-damp  for  two  hours 
only;  but  that  after  that  time,  if  the  after-damp  has  filled  the 
whole  mine,  there  is  very  little  chance  to  save  life;  and  the  work 
then  should  be  confined  to  getting  the  ventilation  established, 
to  extinguishing  fires,  and  to  building  stoppings.  Meanwhile 
the  balance  of  the  crew  should  busy  themselves  in  getting  the 
base  established,  reserve  supplies  in  order,  and,  if  the  mine  has 
a  telephone  system,  they  should  assist  in  restoring  communication 
with  the  faces.  One  man  should  be  left  in  charge  of  the  supply 
base  at  all  times,  to  see  that  there  is  no  interference  with  the  appar- 
atus and  supplies.  The  reserve  force  should  be  ready  to  go  to 
the  relief  or  assistance  of  the  reconnoitering  party,  to  take  up 
the  work  where  it  was  left  off.  If  the  mine  is  a  large  one,  the 
base  should  be  advanced  as  rapidly  as  possible,  so  as  to  save 
time  in  travelling.  Hot  coffee  and  sandwiches  should  be  kept 
at  the  base  for  the  refreshment  of  the  crews.  Alcoholic  stimul- 
ants should  not,  under  any  circumstances,  be  used  by  men  wearing 
breathing  apparatus. 

The  United  States  Government,  the  State  of  Washington, 
and  the  Washington  coal-mine  operators  early  took  up  mine- 
rescue  training  work.     Plans  for  a  station  were  made  in  the  fall 
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of  1909,  and  the  station  at  the  University  of  Washington  campus, 
Seattle,  was  completed  for  work  in  the  spring  of  1910  by  the  state 
mine  inspector,  Mr.  D.  C.  Dotting.  A  government  engineer 
and  assistant  were  placed  in  charge.  The  work  has  since  been 
hampered  to  a  certain  extent  by  lack  of  funds,  but  valuable 
results  have  been  accomplished.  One  hundred  and  seventy  men 
have  received  training  in  rescue  work  and  first-aid,  and  have 
been  granted  certificates.  Sixty-six  men  have  received  training 
in  first-aid  work  only,  while  "Government  car  No.  5"  has  trained 
forty-four  men,  giving  the  State  of  Washington  two  hundred  and 
fourteen  trained  men  holding  government  certificates.  The 
mine  operators  have  purchased  thirty-six  instruments  which  are 
placed  at  ten  of  the  mines  where  training  is  maintained. 

At  the  present  session  of  the  state  legislature  a  bill  has  been 
introduced  to  regulate  the  use  of  rescue  equipment.  It  provides, 
in  part,  "That  three  sets  of  apparatus  shall  be  maintained  at  each 
mine  and  one  additional  instrument  for  each  one  hundred  men 
employed  until  there  shall  be  five  sets,  and  that  five  per  cent, 
of  the  men  shall  be  trained  in  the  use  of  the  apparatus."  It 
further  provides  for  a  compulsory  training  in  first-aid  of  five  per 
cent,  of  the  miners. 

First- Aid  Work. 

There  has  been  much  needless  sacrifice  of  life  and  of  perman- 
ent maiming  of  miners  as  a  result  of  ignorance  of  first-aid  treat- 
ment of  the  injured.  The  training  of  men  in  "first-aid "  has  done 
much  to  improve  the  situation  in  this  regard. 

At  Roslyn,  we  have  equipped  our  men  with  first-aid  packets, 
and  our  mines  with  first-aid  boxes,  military  stretchers,  and  heavy 
warm  blankets,  which  are  packed  in  water  tight  galvanized  iron 
cases.  We  have  found  that  "first-aid"  and  "rescue-work" 
go  hand  in  hand.  The  former  furnishes  a  very  attractive  and 
instructive  study,  making  the  rescue  work  more  interesting  and 
lightening  the  drudgery  of  training.  We  have  eight  corps, 
or,  in  all  about  one  hundred  men  fully  trained  in  first-aid  and 
rescue  work;  sixty-nine  of  this  number  hold  either  foreman, 
fire  boss,  Draeger  or  Red  Cross  certificates. 
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Discussion. 

The  Chairman  (Mr.  Thos.  Graham,  Chief  Inspector  of 
Mines)  remarked  that  there  is  much  similarity  between  the  sys- 
tem of  mine  rescue  work  as  carried  on  in  British  Columbia  and  that 
described  by  Mr.  Menzies.  There  were,  nevertheless,  many 
things  to  be  gleaned  from  Mr.  Menzies'  paper  which  would  mater- 
ially assist  in  the  work  in  British  Columbia. 

Mr.  Thos.  McGuckie  (General  Superintendent  for  West- 
ern Fuel  Co.,)  expressed  his  appreciation  of  Mr.  Menzies' 
paper  and  stated  that  the  work  as  outlined  by  Mr.  Menzies 
was  very  similar  to  that  carried  on  in  Nanaimo  coal  mines. 
He  briefly  reviewed  the  history  of  the  introduction  and  train- 
ing in  the  use  of  the  Draeger  apparatus  at  Nanaimo.  The  first 
Draeger  helmets  were  received  in  April,  1909.  As  the  prov- 
incial law  requiring  the  provision  of  mine-rescue  apparatus  was 
not  passed  until  February,  1910,  it  would  be  noted  that  the  West- 
ern Fuel  Co.  acted  in  advance  of  the  enactment  of  legislation 
requiring  provision  for  mine-rescue  purposes.  By  the  end  of 
1911  the  company  had  among  its  employees  thirty-five  men  train- 
ed in  the  use  of  mine-rescue  apparatus,  and  on  May  28,  1912,  the 
total  was  increased  to  sixty- two.  Mr.  McGuckie  also  described 
in  detail  the  system  of  drill  by  which  employees  of  the  company 
were  trained  in  the  use  of  the  apparatus,  this  training  being  given 
in  the  company's  own  station  at  No.  1  mine,  which  station  was 
opened  in  the  autumn  of  1910. 

Mr.  a.  S.  Hamilton,  (Master  Mechanic,  Western  Fuel 
Co.)  also  expressed  appreciation  of  Mr.  Menzies'  paper,  and  re- 
marked that  he  felt  gratified  in  thinking  Nanaimo  had  followed 
in  the  footsteps  of  the  State  of  Washington  in  the  adoption  of 
the  Draeger  apparatus  for  mine-rescue  work.  He  suggested 
that  a  list  giving  the  names  of  all  members  of  the  local  rescue 
corps  should  be  always  readily  accessible  on  the  surface  at  the 
mines,  for  when  an  accident  occurred  there  might  be  some 
demoralization  with,  perhaps,  half  the  rescue  corps  in  the  mine, 
and  the  foreman  not  at  hand.  His  idea  was  that  a  record  should 
be  kept  of  the  names  of  all  members  of  the  rescue  corps  included 
in  every  shift  going  underground. 
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A  hearty  vote  of  thanks  was  accorded  to  Mr.  Menzies  who, 
in  acknowledging  it,  said: 

"  It  is  really  more  than  I  expected  or  deserved,  and  I  am  quite 
sure  I  shall  take  back  more  than  I  brought  after  having  seen  the 
excellent  advance  made  in  mine-rescue  work  at  the  Western  Fuel 
Company's  mines.  In  my  experience  a  cause  of  much  anxiety 
has  been  the  securing  of  the  right  men  at  the  proper  and  crit- 
ical moment.  At  such  time  every  one  is  thrown  into  confusion 
and  there  is  a  lack  of  discipline.  The  suggestion  made  by  Mr. 
Hamilton  is  a  good  one.  When  an  accident  occurs  in  a  mine 
we  should  in  a  few  minutes  be  prepared  to  go  underground, 
for  so  much  depends  upon  prompt  action." 

Mr.  J.  M.  Gordon: — (Communication  to  the  Secretary): — 
I  agree  with  Mr.  Menzies  that  no  man  should  be  allowed  to  be 
one  of  a  rescue  party  and  wear  breathing  apparatus  unless  he 
is  thoroughly  acquainted  with  it.  This  rule  cannot  be  too  strin- 
gently enforced,  for  we  have  had  instances  of  the  far  too  willing 
British  miner,  who  ready  to  take  all  sorts  of  chances  if  there 
is  any  hope  of  saving  his  fellow  will  go  underground  wearing 
this  apparatus  to  his  own  destruction ;  whereas  if  he  had  been 
trained  in  its  use  he  would  certainly  not  have  met  with  misad- 
venture. Mr.  Menzies  advocates  entering  a  mine  whenever 
possible  within  two  hours  after  an  explosion  has  occurred. 
This  should,  in  every  instance,  be  possible  if  the  proper  precautions 
are  taken  beforehand.  In  the  case  of  inclined  shafts  the  rescue 
corps  should  be  mobilized  and  have  entered  the  mine  within 
the  hour;  but  in  the  case  of  vertical  shafts  the  headgear,  pulleys 
and  cages  are  frequently  destroyed  by  the  explosion.  At  such 
shafts  a  framework  and  pulley  should  be  always  ready  to  throw 
over  the  mouth  of  the  mine,  and  the  crabwinch  and  rope  in  readi- 
ness for  action.  This  can  be  done,  and  a  kettle  attached  to  the 
rope,  almost  as  soon  as  the  first  rescue  party  can  be  at  hand.  An 
essential  thing  is  to  provide  this  party  with  a  coil  of  telephone 
wire  and  other  telephone  requisites,  so  that  communication  can 
be  maintained  with  the  surface.  The  management  is  thus  in- 
formed concerning  the  conditions  of  the  shaft  and  pit-bottom 
following  the  explosion.  Once  this  has  been  ascertained  the  first 
base  can  be  established. 
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I  disagree,  however,  with  Mr.  Menzies  in  respect  to  the 
manner  in  which  he  organizes  his  corps.  He  provides  for 
a  captain,  a  Heutenant  and  a  crew  of  six.  The  mine  fore- 
man is  captain,  the  head  fireboss  is  Heutenant,  and  the  rest 
of  the  firebosses  belong  to  the  corp.  Does  not  this  mean  that 
if  the  mine  is  working  on  a  single  shift,  as  I  presume  it  does, 
with  only  one  mine  foreman  and  one  head  lire-boss,  all  these 
men  except  two  firebosses  who  work  on  the  repair  shift  are  caught 
underground  if  the  explosion  happens  in  the  day  shift.  Mr.  Men- 
zies will  thus  have  two  men  only  of  his  corps  left,  who,  needless 
to  say,  are  practically  useless  if  the  explosion  has  been  a  big  one; 
and,  as  a  matter  of  fact,  he  w^ould  prohibit  two  men  going  beyond 
the  bottom  plates  with  breathing  apparatus,  if  the  mine  was  badly 
wrecked  and  the  atmosphere  unbreathable.  A  rescue  party 
should  comprise  seven  persons  led  by  a  captain.  The  captain 
should  carry  nothing  but  his  own  apparatus,  and  should  do  as 
little  physical  work  as  possible, — his  place  being  to  look  after  the 
men  under  his  charge.  There  should  be  three  or  four  men  apart 
from  the  pitboss  trained  to  take  charge  of  a  corps,  and  all  these 
men  should  never  be  down  the  mine  at  the  same  time.  As 
mentioned  by  Mr.  Hamilton,  a  record  of  the  men  qualified  or 
certificated  to  use  breathing  apparatus  should  be  kept  at  the 
mine.  He  holds  that  this  list,  with  the  equivalent  lamp  number 
of  each  member,  should  be  posted  in  the  lamphouse,  so  that, 
at  any  time,  the  lampman  can  see  who  is  available  for  rescue 
service.  The  management  of  the  mine  should  regulate  this  so 
that  not  more  than  half  of  the  trained  men  is  down  the  mine 
at  the  same  time ;  or  if  the  party  is  large,  provision  should  be  made 
that  at  least  one  or  two  full  corps  be  at  hand.  The  lampman  can 
also  see  that  after  an  explosion  no  lamp  is  issued  to  any  man 
who  is  not  on  the  list.  Every  mine  should  have  a  chamber  near 
the  mine  mouth  that  can  be  filled  easily  with  sulphur  fumes; 
and  every  man  wearing  an  apparatus  should  be  compelled  to  go 
into  it  for  a  couple  of  minutes  before  going  underground  to  satisfy 
himself  that  his  apparatus  is  in  no  way  leaking.  This  is  an  impor- 
tant point,  for  it  puts  the  wearer  at  ease.  Mr.  Menzies  has  not 
referred  to  some  of  the  most  important  points  in  the  organisa- 
tion of  rescue  corps.     These,  however,  can  be  found  in  the  small 
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book  "Rules  for  the  Recovering  of  Coal  Mines  after  Explosions 
and  Fires,"  by  W.  E.  Garforth,  of  England — one  of  the  pioneers 
and  perhaps  the  leading  authority  of  today  on  breathing  and 
rescue  apparatus. 

Mr.  Menzies: — Referring  to  Mr.  Gordon's  comments  in 
regard  to  the  organization  I  outlined,  I  believe  that  he  has 
taken  me  too  literally.  There  should  be  as  many  men  trained  in 
the  use  of  Draeger  apparatus  as  it  is  possible  to  interest  in  the 
work. 

In  the  Roslyn  field,  there  are  several  mines  closeh"  connected. 
We  have  ninety  men  thoroughly  trained  who  have  government 
certificates  in  Draeger  work,  and  hold  Red  Cross  certificates 
for  first  aid  work.  As  Mr.  Gordon  reads  my  address,  his  crit- 
icism is  probably  deserved  where  a  single  mine  is  being  operated 
under  one  management  and  rather  isolated. 

I  agree  with  Mr.  Gordon  that  great  care  should  be  taken 
in  seeing  that  there  should  be  a  sufficient  number  of  trained  men 
on  the  opposite  shifts,  so  that  they  would  not  all  be  caught  in 
the  mine  at  the  one  time.  With  the  conditions  under  which 
we  are  operating,  this  would  be  impossible.  We  would  have  at 
least  seventy  or  eighty  men  fully  trained  to  draw  on.  We  post 
at  all  the  mine  ofiices  a  list  of  these  men,  of  their  residences, 
and  the  mine  in  which  they  are  working,  so  that  they  could  be 
found  in  the  shortest  possible  time. 

Our  mine  foremen  and  superintendents  have  their  rank  of 
authority,  so  that  in  case  of  an  accident  each  one  knows  who  is 
the  next  responsible,  as  our  organization  charts  are  posted  at  all 
the  mines. 

I  believe  Mr.  Gordon's  suggestion  with  regard  to  sulphur 
chambers  is  a  good  one,  as  it  has  frequently  happened  that  men 
have  gone  into  the  mine  with  imperfect  apparatus  and  have  been 
lost. 


MINE    RESCUE   APPARATUS,    AND    THE   VALUE    OF 
MINE  RESCUE  WORK. 

By   Francis  Aspinall,    District   Inspector  of  Mines, 
Lethbridge,  Alta.,  and  Andrew  A.  Millar,  Man- 
ager, Pacific  Pass  Coal  Fields  Ltd.,  Fergie,  Alta. 

{Rocky  Mountain  Branch,  Frank  Meeting,  igi^ 

The  idea  of  providing  some  means  whereby  man  could  exist 
in  a  vitiated  and  poisonous  atmosphere  is  one  that  is  by  no  means 
new.  It  has,  in  fact,  engaged  the  attention  of  chemists  and  engin- 
eers for  a  very  long  time  past.  In  the  year  1785,  breathing  appar- 
atus was  introduced  in  France,  but  does  not  seem  to  have  reached 
a  high  standard,  and  it  was  not  until  nearly  a  hundred  years 
later  that  (in  1881)  Henry  Fleuss  is  reported  to  have  accomplished 
valuable  recovery  work  with  his  self-contained  breathino-  appara- 
tus at  Seaham  Colliery  in  England. 

It  is  generally  conceded  by  mining  experts  that  a  consider- 
able time  elapses  after  an  explosion  before  the  afterdamp  (gen- 
erally carbon  monoxide)  fills  the  workings.  Usually,  moreover, 
more  deaths  result  from  the  effect  of  this  gas  than  from  the  direct 
force  of  the  explosion,  and  consequently  many  lives  may  often 
be  saved  by  promptitude  in  the  use  of  rescue  apparatus. 

This  has  been  recognized;  and  during  recent  years  several 
countries  have  adopted  laws  providing  for  the  compulsory 
equipment  of  mines  with  rescue  apparatus;  while  even  where  there 
is  no  compulsion  many  large  corporations  have  realized  the  value 
and  importance  of  this  addition  to  the  mine  equipment.  In 
Canada,  the  Dominion  Coal  Co.,  in  Cape  Breton,  is  a  notable 
example  in  this  respect. 

Instances  of  the  Value  of  Rescue  Apparatus. 

At  the  Courrieres  disaster  in  France  valuable  rescue 
and  recovery  work  was  done  by  men  wearing  breathing  apparatus. 
Over  thirty  years  ago,  the  Fleuss  apparatus  in  its  original  form 
was  instrumental  in  saving  eight  lives  at  the  Killingworth 
Colliery. 
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Again,  over  thirty  years  ago,  it  was  used  by  Fleuss  and  Lam- 
bert, the  diver,  in  attempts  to  penetrate  the  flooded  workings  of 
the  Severn  Tunnel,  which  was  at  that  time  in  the  course  of  being 
driven  under  the  River  Severn.  Lambert  finally  succeeded 
in  reaching  and  shutting  the  flood  gate  which  had  been  left  open, 
when  the  men  escaped  after  the  water  had  broken  in;  a  won- 
derful feat.  The  invention,  however,  gained  no  general  recog- 
nition at  this  time. 

At  the  Hutton  disaster  in  England  much  valuable  recovery 
work  was  done  by  men  wearing  rescue  apparatus ;  and  the  words 
of  Dr.  Hutton,  surgeon  to  the  colliery  are  worth  quoting. 
He  said:  "Mr.  A.  Ratcliffe  Ellis,  the  Secretary  at  once  took 
over  the  organization  of  the  rescue  work,  and  arranged  the  sequence 
of  the  descent  of  the  teams.  Everything  went  off  without 
a  hitch.  There  were  no  casualties  among  the  many  hundreds 
of  rescue  men,  although  they  were  continually  plunging  into 
danger,  and  their  work  was  most  arduous  owing  to  the  numerous 
falls  and  tremendous  damage  everywhere."  Dr.  Arnold  Greene 
wrote  as  follows:  "As  regards  the  accident  itself,  we  had  150 
local  rescue  men  at  work,  and  during  the  whole  time  I  was  there 
I  never  had  an  accident  of  any  sort  brought  to  my  notice  as  re- 
gards the  rescue  men.  All  the  men  I  examined  both  at  the  time 
of  the  disaster  and  subsequently,  showed  no  signs  of  the  hard 
work  they  had  undergone,  not  only  as  regards  the  oxygen  breath- 
ing, but  as  regards  their  physical  condition.  It  was  a  severe  test 
for  'oxygen  breathing'  but  everything  came  out  alright  and  only 
proves  that  'oxygen  breathing'  in  the  way  we  use  it  does  no  harm 
to  the  men." 

With  further  reference  of  the  same  accident  Mr.  Gerrard, 
H.M.  Inspector  of  Mines  in  his  evidence  said  he  could  not  recall 
such  a  rapid  recovery  of  a  mine.  In  one  day  123  bodies  were 
brought  out  and  in  five  days  270. 

Innumerable  instances  could  be  given  to  show  that  breathing 
apparatus  has  also  proved  of  incalculable  value  to  mine  owners 
and   operators. 

The  following  four  instances  occurred  in  Staffordshire  within 
five  months,  viz: — 
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Birchenwood  Colliery. — On  October  18th,  1911  a  fire  was  dis- 
covered in  a  pit  belonging  to  this  coUiery.  A  call  was  received 
at  the  Rescue  Station  at  8.30  p.m.  A  brigade  with  12  sets  of 
apparatus  was  immediately  despatched  and  arrived  at  the  colliery 
— eight  miles  away — at  9 .  30  a.m.  The  fire  had  then  assumed  such 
dimensions,  and  the  smoke  was  so  dense  that  men  could  not 
live  in  it.  Two  sand  stoppings  were  put  in  and  faced  up  with 
brickwork  by  men  wearing  apparatus  and  by  this  means  effect- 
ually stopped  off  the  fire  and  saved  the  mine. 

Bigiiall  Hall  Colliery. — On  November  25th,  1911,  an  ex- 
plosion occurred  at  the  Jammage  pit  of  this  colliery.  A  call 
was  received  at  the  rescue  station.  Apparatus  and  men  were 
sent  at  once.  On  arrival  they  found  that  the  men  were  all 
got  out  and  for  the  time  being  the  services  of  the  rescue  crew 
were  not  required. 

Some  days  afterwards  it  was  decided  to  re-open  the  pit  and 
before  ventilation  could  be  restored  it  was  necessary  to  put  in 
permanent  brick  stoppings.  This  was  done  by  men  wearing 
breathing  apparatus  and  the  work  proceeded  without  a  hitch. 

Cannock  Chase  Colliery. — On  December  14th,  1911,  the 
rescue  brigade  were  at  work  at  the  Jammage  pit.  Information 
was  sent  to  H.  M.  Inspector  of  Mines  that  the  old  Hednesford 
pit  was  on  fire.  He  immediately  asked  for  a  team  and  apparatus 
to  be  sent  to  this  pit.  The  men  and  apparatus  were  sent  over  in 
motor  cars.  They  descended  the  pit  and  were  able  to  render 
valuable  assistance  in  the  work  of  exploration. 

Norton  Colliery. — On  Saturday,  February  24th,  1912, 
at  3  P.M.,  an  explosion  took  place  at  this  colliery.  Apparatus 
was  sent  at  once  and  was  used  by  the  colliery  rescue  team. 
They  descended  the  pit,  explored  and  found  a  violent  explosion 
had  taken  place,  as  great  damage  was  seen.  The  pits  were  then 
sealed  at  the  surface.  On  March  2nd.,  one  of  the  pits  was  un- 
sealed and  men  descended,  using  the  apparatus.  After  exploring, 
it  was  decided  to  build  off,  by  brick  stoppings,  a  large  area  of  the 
workings.  This  was  expeditiously  accomplished  by  the  rescue 
teams.  It  was  a  very  difiicult  piece  of  work  as  all  the  materials 
had  to  be  carried  by  rescue  men  from  the  pit  bottom.  For  a 
considerable  time  breathing  apparatus  has  been  in  daily  use  at 
this  colliery  for  opening  out  the  workings. 
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Training  for  Rescue  Work. 

Qualifications. — A  person  selected  to  undergo  training 
in  rescue  work  should  be  between  the  age  of  22  and  45  years, 
and  must  have  been  certificated  by  a  duly  qualified  phycisian 
in  proof  that  he  is  physically  fit  to  undertake  the  training  and 
perform  the  labour  incidental  to  rescue  work. 

In  the  selection  of  candidates,  the  following  considerations 
should  govern: — 

(a)  Intelligence — able  to  speak  and  write  English. 

(b)  Knowledge  of  underground  workings. 

(c)  Coolness. 

(d)  Prudence. 

(e)  Temperate  habits. 

(f)  The  likelihood  or  otherwise  of  a  man  remaining  in  the 
district  or  in  the  Company's  employment  should  also  be  con- 
sidered. 

A  rescue  team  should  consist  of  five  persons,  each  holding 
a  first  aid  certificate.  A  captain  or  leader  should  be  chosen 
from  among  the  members  of  the  team  and  should  be  selected 
for  his  prudence,  coolness,  mining  experience  and  ability  to 
command  and  lead.  Among  his  duties  as  leader,  he  would  be 
required  to  see  that  each  member  of  the  team  did  an  equal 
share  of  work  so  as  to  equalize  the  supply  of  oxygen  in  the  cylin- 
ders; and  to  make  certain  that  the  pressure  guages  are  read 
from  time  to  time  by  the  members  of  the  team. 

Objects — Methods. — The  purpose  of  training  men  to  wear 
breathing  apparatus  is  to  accustom  them  to  the  changed  condi- 
tions in  breathing,  and  to  familiarize  them  in  the  use  of  the  appar- 
atus in  vitiated  atmospheres.  In  the  course  of  the  training  they 
also  become  acquainted  with  the  principles  of  operation,  construc- 
tion and  manner  of  charging  the  apparatus. 

They  should  also  be  instructed  in  the  uses  of  the  reviving 
apparatus  and  pulmotor,  and  particularly  in  the  application 
of  the  one  hour  apparatus  (Salvator  or  life  saver),  to  persons  over- 
come by  noxious  gases. 
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The  time  required  to  make  a  man  proficient  will  vary  in 
individual  cases,  while  it  also  depends  to  some  extent  on  the 
description  of  apparatus  employed.  The  preliminary  training, 
however,  usually  occupies  about  six  days;  while  periodical 
training,  at  intervals  of  not  less  than  six  months,  is  desirable. 

The  work  to  be  done  while  training  should  be  a  matter  for 
careful  consideration  and  the  local  conditions  should,  the  writers 
believe,  be  a  factor  in  "determining  it  to  some  extent.  Thus  in 
highly  inclined  seams — where  a  training  cannot  be  given  in  the 
mine  itself — climbing  should  form  a  part  of  the  work. 

Where  the  seams  are  thin,  crawling  should  be  practised; 
and  in  districts  subject  to  fires,  the  work  should  consist  in  carry- 
ing bricks,  etc.,  and  in  building  stoppings,  under  conditions 
of  high  temperature. 

To  meet  the  varying  conditions,  a  schedule  of  work  should 
be  drawn  up  embracing  all  the  suggested  practises.  It  is  also 
necessary  that  much  of  the  training  should  be  done  in  sulphur 
fumes  or  irrespirable  gases,  so  as  to  instil  confidence  to  the 
wearer  in  the  safety  of  his  apparatus. 

Rules  to  he  Observed  before  the  Fleuss  Apparatus  is  Used 
in  Actual  Work. 

1.  Inquire  if  each  man  is  in  good  health. 

2.  Record  pulse  rate  per  minute. 

3.  Remove  false  teeth,  if  any. 

4.  See  that  the  cylinders  are  charged  with  oxygen  to  120  at- 
mospheres. 

5.  That  caustic  soda  is  in  bag  and  in  free  condition. 

6.  Observe  that  all  joints  are  tight. 

7.  Try  the  valves,  main,  guage,  bypass  and  relief  and  ascer- 
tain^that  they  work  freely. 

After  putting  on  Apparatus. 

1.  Buckle  the  belts  and  adjust  them  (looping  in  bag). 

2.  Put  on  cap  and  insert  mouthpiece. 

3.  Tighten  up  mouthpiece. 
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4.  Turn  on  main  valve. 

5.  Turn  on  gauge  valve  and  read  oxygen  pressure. 

6.  Test  inhalation  and  exhalation  valves  by  making  deep 
inspiration  and  expiration. 

7.  Fill  up  bag  with  oxygen  by  means  of  bypass  valve. 

8.  Adjust  noseclip. 

Different  Types  of  Mine  Rescue  Apparatus. 

The  different  types  of  mine  rescue  apparatus  may  be  divided 
into  four  distinct  groups: — 

1.  Compressed  Oxygen  Supply  Type. 

(a)  Constant   Supply;    Draeger,    Fleuss,    Meco   and 
Westfalia  Apparatus. 

(b)  Automatic  Supply;  Weg  Apparatus. 

2.  Liquid  Air  Supply;  Aerolith  Apparatus. 

3.  Compressed  Air  Supply;  Vangenot  Apparatus. 

4.  Oxygen  Supply  Generated  from  Sodium  Potassium  Perox- 
ide; Hall  Rees  and  Pneumatogen. 

Of  these  the  compressed  oxygen  supply  types  of  apparatus 
have  found  most  favour,  as  their  form  and  construction  are 
more  suitable  than  others  for  performing  work  in  mines. 

For  the  purpose  of  comparison  the  compressed  oxygen  supply 
types  may  be  further  sub-divided  as  follows: — 

1st.    Injector  type:     Draeger,  Meco  and  Westfalia. 

2nd.  Type:  Where  circulation  is  maintained  by  the  res- 
piratory muscles:     Fleuss  and  Weg. 

In  the  first  named  apparatus  the  injector  is  introduced  into 
the  breathing  circuit,  the  object  being  to  promote  a  better  cir- 
culation, and  to  keep  the  air  supply  cool.  In  the  second  type 
the  circulation  is  carried  on  entirely  by  the  respiratory  muscles. 

The  Committee  appointed  by  the  South  Midland  Coalowners 
to  investigate  on  mine  rescue  apparatus  commented  very  favour- 
ably on  the  principle  of  the  injector,  stating  "  that  it  increased 
the  efficiency  of  the  absorbent  used  and  kept  the  air  supply  cool 
and  refreshing." 
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Prof.  John  Cadman,  of  Birmingham  University,  the  then 
chairman  of  the  committee  just  mentioned,  in  an  article  in  the 
Iron  and  Coal  Trades  Review  of  December  20th,  1912,  states: — 
"The  writer  wishes  to  draw  attention  to  a  serious  defect  in  design 
which  has  been  very  clearly  disclosed  by  the  recent  accident  at 
Caeduke,  near  Swansea.  The  circumstances  of  the  case  are 
briefly  as  follows: — It  was  found  necessary  to  erect  a  stopping 
in  a  roadway  from  which  gas  was  escaping  from  an  area  of  goaf 
in  which  spontaneous  combustion  had  occurred.  Men  wearing 
Draeger  apparatus  were  employed  to  do  the  work.  The  super- 
intendent accompanied  the  men,  and  after  being  at  work  for  a 
period  of  from  one  to  one  and  a  half  hours,  he  collapsed,  and 
subsequently  succumbed  to  carbon-monoxide  poisoning.  An 
examination  of  the  apparatus  revealed  that  the  absorbent 
cartridge  was  punctured  by  two  small  holes,  that  two  of  the  tubes 
connections  were  leaking  and  that  such  leaks  were  capable  of 
permitting  the  atmosphere  containing  carbon-monoxide  to  get 
into  the  apparatus.  Small  leakages  in  appliances  where  joints 
and  tubes  are  used  must  inevitably  occur,  no  matter  how  the 
apparatus  is  designed  and  no  matter  how  perfect  it  may  be  when 
first  manufactured.  With  the  wear  and  tear  on  the  tubes 
and  joints,  the  apparatus  must  sooner  or  later  permit  leakage 
and  when  such  leakage  allows  the  foul  atmosphere  to  penetrate 
into  the  breathing  circuit,  it  must  be  admitted  that  such  a  design 
is  imperfect. 

"In  some  of  the  apparatus  at  present  in  use  an  injector 
is  introduced  into  the  breathing  circuit,  with  the  object  of  promot- 
ing circulation  and  keeping  the  air  supply  cool  and  refreshing. 
The  injector  certainly  produces  the  desired  effect,  but  in  doing  so 
converts  the  apparatus  into  two  zones  of  different  pressure. 
On  one  side  of  the  injector  a  positive  pressure  is  obtained,  and 
on  the  other  side  a  negative  pressure.  It  is  in  the  negative 
pressure  zone  that  leakage  from  outside  the  apparatus  to  the  inside 
may  occur.  The  following  experiments  have  been  made  with 
different  types  of  compressed  oxygen  apparatus  to  demonstrate 
this  point: 
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Type  of  Apparatus. 


Pressure  in 
Absorbent 
Chamber  in 
in.  of  Water 
(Subject  at 
Rest.) 


Pressure  in 
Absorbent 
Chamber  in 
in.  of  water 
(Subject 
Working.) 


Maximum 

Negative 

Pressure 

near  Back  of 

Injector  in 
in.  of  Water. 


Draeger,    new   type,    single, 

cylinder.     (Mouthpiece) .  From  0.2  to  0.6 

Draeger,  old  tj'pe,  twin-cyl- 
inder helmet 

Meco  (mouthpiece) 

Proto  (Fleuss) 

Weg 


-0.2 
l.OtoO.7 
0.4to  1.0 
0.6to2.2 


0.2  to  0.6 

0.1  to  0.3 
-2.2  to  2.0 
-0.2  to  0.8 
-0.4  to  2.2 
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-3.3 
No  injector 
No  injector 


"It  will  be  seen  that  the  apparatus  in  which  the  injector 
is  used  has  the  negative  pressure  within  the  absorbent  cartridge, 
and  within  certain  parts  of  the  circulation  tubes,  sufficient  to 
allow  extensive  leakage  to  occur,  if  punctures  or  leaky  joints 
are  present.  In  order  to  ascertain  how  far  leaking  may  occur 
further  experiments  were  made  upon  a  small  orifice,  such  as  a 
small   puncture,   or  a   leaky  joint,   with   the   following  results: 

Vol.  of  gas  leaking,  in 
Pressure  in  inches  of  litres.     (Orifice 

water  per  minute.  size,  0.07  in.) 

0.1 0.8 

0.2 1.3 

0.4 1.6 

0.5 2.2 


"During  the  life  of  any  apparatus  permitting  a  negative 
pressure  to  exist  in  the  circulating  tubes,  leakage  of  a  dangerous 
character  either  due  to  accident  or  wear  and  tear  may  occur, 
and  as  just  demonstrated,  a  very  small  aperture  will  permit  vol- 
umes of  considerable  extent  to  be  sucked  into  such  an  apparatus. 
It  is  interesting  to  note  how  far  such  leakages  may  become  danger- 
ous. In  ordinary  practise  in  galleries,  where  smoke  is  employed, 
leakage  may  produce  no  symptoms  of  discomfort,  because  the 
solid  matter  in  the  smoke — CO2  and  sulphur  fumes — may  all  be 
absorbed  by  the  absorbent  cartridge,  and  there  remains  sufficient 
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oxygen  in  the  pungent  atmosphere  to  produce  no  ill-efifect. 
Further,  the  atmosphere  in  the  practise  gallery  does  not  as  a  rule 
contain  any  carbon-monoxide.  An  apparatus  then,  containing 
a  serious  leak,  may  be  passed  as  perfectly  sound  in  the  practise 
gallery,  as  usually  employed  for  training. 

"Let  me  direct  attention  now  to  the  behaviour  of  an  appar- 
atus possessing  a  leak  in  the  negative  pressure  zone,  when  used 
underground  in  atmospheres  containing  carbon-monoxide  or 
devoid  of  oxygen.  A  man  absorbs,  if  moving  quietly  about  (at 
the  rate  of  three  miles  per  hour)  1,000  cc's.  of  oxygen  per  minute, 
and  with  violent  exertion  as  much  as  3,000  cc's.  Take  a  case 
in  which  an  apparatus  possesses  a  leak  of  1  litre  per  minute, 
which  is  employed  in  atmospheres  containing  different  percent- 
ages of  carbon-monoxide.  Assuming  (as  is  probable)  that  about 
three-fourths  of  the  CO  leaking  into  the  apparatus  is  absorbed 
by  the  blood,  the  following  is  the  approximate  period  which  a 
man  could  remain  in  such  an  atmosphere  before  becoming  inca- 
pacitated (according  to  Dr.  Haldane).  When  450  cc's  of  carbon- 
monoxide  have  been  absorbed,  a  man  would  be  stumbling  about 
quite  helpless  and  stupid  as  his  blood  would  be  at  least  50  per 
cent,  saturated : — 

Percentage  of  CO  Time  to  Produce 

in  atmosphere.  incapacitation. 

(450  cc's  absorbed^:::: incapacitation.) 

1 2  hours. 

1 1  hour.  (7.5  cc's  CO  60=450) 

2 ^  hour. 

3 20  mins. 

4 15  mins. 

5 12  mins. 

"On  the  other  hand,  if  the  atmosphere  contains  no  carbon- 
monoxide,  but  is  devoid  of  oxygen — as  in  atmosphere  of  fire- 
damp or  black-damp — with  the  supply  of  oxygen  two  litres 
per  minute,  as  is  usual  in  rescue  apparatus  of  this  type,  the  man 
would  still  be  in  great  danger  of  falling  down  unconscious  during 
any  considerable  exertion,  and  this  would  be  so  if  the  leakage 
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were  much  less  than  one  litre  per  minute.  For  as  soon  as  the 
oxygen  consumption  equalled  two  litres  per  minute,  the  apparatus 
would  rapidly  fill  with  fire  damp  or  nitrogen,  and  instead  of  the 
man  being  checked  in  his  work  by  the  bag  becoming  too  empty  for 
comfortable  breathing,  he  would  very  soon  be  breathing  freely 
an  atmosphere  containing  a  dangerously  low  pressure  of  oxygen. 
The  result  of  this  would  be  that  he  would  fall  down  unconscious 
before  he  was  aware  of  his  danger.  The  larger  the  leak  the  more 
rapidly  and  certainly  would  this  occur,  although  during  rest 
or  slight  exertion  there  would  be  no  danger  except  from  enor- 
mous leakage. 

"In  the  case  of  an  apparatus  possessing  positive  pressure 
throughout,  small  leakages  are  harmless  and  can  be  easily  de- 
tected. The  breathing  bag  becomes  deflated  and  a  man  wearing 
the  apparatus  finds  it  difficult  to  breathe.  In  this  manner 
the  wearer's  attention  is  drawn  to  the  defect,  and  in  the  case 
of  a  small  leak  such  as  would  prove  fatal  in  a  negative  pressure 
apparatus,  ample  opportunity  is  aff'orded  the  wearer  to  quietly 
withdraw  to  a  place  of  safety. 

"It  appears  quite  clear  that  any  apparatus  which  will 
permit  of  a  leakage  from  the  outside  to  the  inside  may  become 
a  source  of  considerable  danger  and  as  it  is  extremely  difficult 
to  detect  or  guard  against  such  leaks,  any  apparatus  of  this 
character  should  be  avoided.  Indeed,  in  no  circumstances 
should  an  apparatus  possessing  an  injector  be  used  for  mine  rescue 
work. 

"A  large  number  of  such  apparatus  (IVIeco  and  Draeger) 
are  already  being  used  in  mines  in  this  country,  and  immediate 
steps  should  be  taken  to  convert  them  to  positive  pressure 
apparatus;  otherwise,  calamities  must  inevitably  occur." 

The  conclusion  arrived  at  after  series  of  experiments  were, 
that  the  injector  was  a  source  of  great  danger,  as  any  loose  joint 
or  puncture  in  the  negative  zone  would  readily  allow  poisonous 
gases  to  pass  into  the  circulation  with  perhaps  disastrous  results. 
Thus,  in  January  of  last  year,  a  member  of  the  Pittsburgh  Mine 
Rescue  Corps,  equipped  with  apparatus  of  the  injector  type,  was 
killed  while  exploring  workings  that  had  been  sealed  off.     The 
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apparatus  was  found  to  be  damaged,  the  top  connections  of  the 
cooler  having  parted  on  a  solder  crack,  making  a  mere  crack, 
difficult  of  detention  except  by  pressure  test.  Whether  the  appar- 
atus was  damaged  before  or  after  the  wearer  entered  the  mine 
will  remain  an  open  question,  as  a  test  of  the  water  gauge  on 
the  apparatus  had  evidently  not  been  applied.  An  independent 
examination  was  made  subsequently  and  a  small  hole  was  found 
in  the  expanding  bag,  the  suction  action  of  the  injector  thus 
drawing  in  the  bad  air. 

In  the  case  of  positive  pressure  apparatus,  such  as  the 
Fleuss  and  Weg,  this  danger  is  not  serious  and  is  easily  detected. 
The  breathing  bag  becomes  deflated,  and  the  wearer  finds  it 
difficult  to  breathe,  attention  being  thus  drawn  to  the  defect. 
Consequently  if  there  be  a  small  leak,  such  as  would  prove  fatal 
in  a  negative  pressure  apparatus,  the  defect  is  noticed  and  ample 
opportunity  is  afforded  the  wearer  to  withdraw  to  a  place  of 
safety. 

The  two  great  requirements  in  a  suitable  form  of  mine  rescue 
apparatus  are: — 1st.,  safety;  2nd.,  economy. 

In  the  injector  type  of  apparatus  potash  cartridges  are  used 
as  the  regenerating  agent  and  cost  about  75  cents  per  hour 
per  man.  With  the  Fleuss  type,  caustic  soda  is  used  as  the 
absorbent,  and  costs  for  lump  soda  about  15  cents  per  hour  per 
man,  or  a  net  saving  of  60  cents  per  hour  per  man.  Thus  in 
using  apparatus  for  (say)  6,000  hours  the  saving  is  13,000. 

Mouthpiece,  helmet  and  other  means  of  attachment. — The 
best  form  of  attachment  is  a  debatable  point,  as  some  prefer 
one  form  and  some  another. 

The  writers  prefer  the  mouthpiece  for  the  following  reasons: 
1st.,  safety  on  account  of  greater  simplicity  and  less  chance 
of  a  leak;  2nd.,  less  fatigue,  more  comfortable;  3rd,  gives  freer 
movement  of  the  head;  4th.,  much  cooler;  5th,  wider  vision; 
6th.,  no  dead  space  in  front. 

The  two  chief  objections  we  have  noted  are: — 1st.,  difficulty 
in  making  intelligible  speech;  2nd.,  men  without  teeth  (or  false 
teeth)  experience  difficulty  in  getting  the  mouthpiece  airtight. 
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Mine  Rescue  Stations  and  Equipment  in  Alberta. 

About  eighteen  months  ago,  it  was  decided  by  the  Government 
of  the  Province  of  Alberta  to  install  mine  rescue  apparatus  at 
different  points  in  the  Province,  the  cost  of  which  would  be 
borne  partly  by  the  Government  and  partly  by  the  various 
operators.  After  careful  consideration  it  was  decided  to  adopt 
the  type  of  apparatus  known  as  the  "Fleuss".  Three  buildings 
at  Blairmore  were  rented  and  equipped  as  a  temporary  station. 
One  building  was  used  as  a  smoke  chamber,  another  as  a  lecture 
room,  and  the  third  for  the  storage  of  the  apparatus.  A  Superin- 
tendent was  appointed  by  the  Provincial  Government  to  take 
charge  of  this  station,  and  to  train  men  from  the  various  mines 
in  the  Crowsnest  Pass.  Since  this  station  has  been  in  operation 
about  80  men  have  undergone  a  course  of  training  here,  conducted 
partly  in  the  smoke  chamber  and  around  the  station  and  partly 
in  the  Blairmore  mine,  which  the  management  kindly  placed 
at  the  disposal  of  the  Superintendent.  As,  however,  it  became 
more  difficult  to  induce  men  to  undergo  training  at  the  station, 
it  was  considered  advisable  to  equip  and  put  in  operation  a 
Mine  Rescue  Car  by  which  means  instruction  might  be  given 
at  the  mines  themselves,  and  consequently  a  passenger  coach  was 
obtained  from  the  Canadian  Pacific  Railway  Company,  and  under 
the  direction  of  the  Government  the  interior  was  remodelled  to 
serve  the  purpose  intended.     The  equipment  comprised: 

11  "Protos,"  or  two  hour  type  apparatus. 

6  "Salvators",  or  one  hour  type  apparatus. 

20  storage  cylinders  with  a  capacity  of  100  cubic  feet  each. 

2  pressure  pumps  for  charging  the  small  cylinders. 

2  Pulmotors. 

5000  pounds  of  lump  soda. 

1000  pounds  of  stick  soda. 

6  heat  helmets  and  all  the  necessary  spare  parts. 

In  addition,  a  small  gasolene  engine  is  being  installed  to 
provide  power  for  electric  lighting  and  for  recharging  the  portable 
electric  hand  lamps.     The  car  is  divided  into  a  lecture  room, 
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toilet  room,  kitchen,  and  an  office  for  the  Superintendent,  and 
also  contains  six  berths.  It  was  put  into  service  on  May  1st, 
1913,  and  remains  at  each  mine  for  a  period  of  from  two  to  three 
weeks. 

A  Mine  Rescue  Station  has  also  been  built  and  equipped 
near  No.  6  mine.  Lethbridge  and  has  been  in  operation  since  the 
1st  of  December,  1913.  This  building  contains  a  lecture  room, 
shower  baths,  store  room,  superintendent's  office,  and  smoke 
chamber  and  is  equipped  with : — 

11  "Protos". 

6  "Salvators". 

15  cylinders  of  100  cubic  feet  capacity  each. 

2  Pulmotors. 

12  electric  portable  lamps. 

12  heat  helmets.  ^. 

1  pump  of  the  Draeger  type. 

5000  pounds  of  lump  soda,  and  all  the  necessary  spare  parts. 

Arrangements  are  now  being  made  by  the  Provincial  Gov- 
ernment to  provide  a  station  at  Coalhurst,  practically  similar 
to  that  at  Lethbridge,  except  that  the  smoke  chamber  will  not 
be  contained  in  the  main  building  but  in  a  separate  one.  It  is 
also  intended  in  the  near  future  to  erect  Mine  Rescue  Stations 
at  dififerent  points  throughout  the  Province. 

In  conclusion,  the  fact  must  be  accepted  that  as  long  as 
there  are  mines  there  will  be  accidents.  The  inauguration 
of  rescue  work,  therefore,  should  receive  the  whole-hearted 
support  of  every-one  engaged  or  interested  in  mining;  while 
efforts  put  forward  in  this  direction  by  provincial  governments 
in  Canada  are  worthy  of  the  highest  commendation. 


THE   PRESERVATION  OF  MINE  TIMBERS. 

By  Samuel  A.  Jones,  District  Inspector  of  Mines, 
Lethbridge,  Alta. 

{Rocky  Mi.  Branch,  Frank  Meeting.  192J) 

In  this  district  the  question  of  lengthening  the  life  of  un- 
derground timber  has  scarcely  received  the  attention  its  import- 
ance merits.  The  cost  of  timber  in  mining  operations  is  a  factor 
of  much  importance  and  the  life  of  mine  timber  is,  in  many  cases, 
of  short  duration,  attributable  to  many  causes  such  as  wear, 
fire,  and  to  a  large  amount  of  timber  being  broken  by  the  existence 
of  such  conditions  as  "crush"  and  "squeeze"  or  by  swelling 
ground.  A  great  deal  of  timber  is  also  wasted  in  temporary  work 
by  being  buried  beyond  recovery  after  the  coal  has  been  mined. 

Although  concrete  and  steel  may,  in  some  cases,  take  the 
place  of  timber,  it  would  be  impracticable  to  substitute  them 
entirely  for  timber  since  the  latter  is  much  more  easily  handled, 
is  far  less  expensive,  and  possesses  other  desirable  qualities  which 
concrete  and  steel  lack. 

According  to  the  observations  made  by  various  co-operating 
companies,  the  causes  of  the  destruction  of  timber  are  propor- 
tioned as  follows:  wear  5%,  breakage  and  fire  2%,  waste  from 
all  causes  25%,  decay  and  insect  attack  50%.  From  these  figures 
it  is  apparent  that  approximately  55%  of  the  damage  sustained 
by  mining  timbers  could  be,  to  a  very  large  extent,  obviated 
by  an  efficient  method  of  treatment,  which  would  render  the  tim- 
ber impervious  to  decay  and  insect  attack. 

It  would  be  unwarrantable  to  incur  the  expense  of  treating 
mine  timber  exposed  to  the  ravages  of  mechanical  wear,  or  likely 
to  be  buried  in  old  workings;  but,  on  the  other  hand,  a  large 
amount  of  timber  is  destroyed  by  insects  and  decay  long  before 
it  has  given  its  desired  service,  and  if  this  latter  class  of  timber 
could  be  preserved  at  a  reasonable  cost,  a  considerable  saving 
could  be  effected. 

465 


466  Preservation  of  Mine  Timbers — Jones 

Under  certain  conditions,  the  removal  of  the  bark  from  the 
timbers  is  fairly  effective  and  is  an  inexpensive  and  simple  method 
of  increasing  its  durability,  since  the  space  between  the  bark  and 
the  wood  is  favourable  to  the  growth  of  fungi  while  also  harbour- 
ing insects.  The  advantages  derived  from  the  removal  of  the 
bark  is  especially  noticeable  in  return  airways,  where  the  writer 
has  observed  timbers  rotted  and  ready  to  fall  out,  without  having 
been  broken  or  having  supported  any  weight  whatever,  through 
neglecting  to  remove  the  bark.  The  removal  of  the  bark 
from  the  timber  on  the  surface  has  the  additional  advantage 
of  preventing  the  accumulation  of  inflammable  material  under- 
ground, thereby  lessening  the  risk  of  fire.  In  wet  situations, 
however,  the  removal  of  the  bark  seems  to  be  ineffective. 

In  some  cases,  the  seasoning  of  timber  increases  its  strength 
and  durability,  it  being  a  well  known  fact  that  a  stick  of  wet 
timber  possesses  about  only  half  the  strength  of  a  stick  of  abso- 
lutely dry  timber;  but  to  prolong  the  life  of  an  absolutely  dry 
stick  of  timber  to  its  fullest  extent,  a  preservative  treatment  is 
necesary. 

Three  questions  naturally  present  themselves  to  every 
mining  engineer  when  the  subject  of  the  preservation  of  mine  tim- 
bers is  under  discussion,  viz. : — 

(1).  What  would  be  the  cost  of  installing  a  plant  for  treat- 
ment? 

(2).  What  would  be  the  cost  of  treating  timbers? 

(3) .  What  economy  would  be  effected  ? 

Before  endeavouring  to  answer  these  questions,  it  is  necessary 
to  touch  lightly  upon  the  different  methods  of  treatment.  For 
instance,  the  application  of  compounds  to  the  skin  of  the  timber 
are  more  or  less  ineffective.  Although  creosoting  has  met  with 
considerable  success  for  surface  work,  it  cannot  be  regarded 
with  favour  for  use  underground  on  account  of  the  combustibility 
of  its  ingredients,  tar  and  naphthaline,  which  render  timber, 
so  treated,  much  more  inflammable. 
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Mr.  F.  Haselman,  in  introducing  his  process  into  some  Ger- 
man mines,  directs  attention  to  the  fact,  that,  in  the  ordinary 
method  of  preserving  timber,  a  physical  impregnation  only  is 
produced  by  simply  soaking  the  timber  in  a  chemical  compound. 
A  compound  so  easily  introduced  into  the  cells  may  equally  as 
easily  be  dissolved  out  again  by  the  action  of  water.  In  his 
opinion,  complete  impregnation  can  only  be  effected  when  the 
solution,  containing  the  preservative  compound,  together  with 
the  timber  floated  in  it,  is  raised  to  a  temperature  of  125  degrees 
Centigrade  and  under  a  pressure  of  about  2|  atmospheres.  This 
boiling  should  be  continued  for  several  hours,  preferably  in  a 
solution  of  sulphate  of  iron  or  copper. 

The  Aitken  process  consists  of  soaking  the  timber,  which 
should  be  dry  and  free  from  bark,  in  a  strong  boiling  solution 
of  common  salt  and  chloride  of  magnesium,  the  proportion  of  salt 
to  chloride  of  magnesium  being  about  7  to  1. 

Timber,  6  inches  in  diameter,  requires  boiling  for  about  two 
days,  hardAvood  requiting  a  longer  time  than  soft  wood. 

At  the  Niddrie  Colliery,  Scotland,  in  a  temperature  of  from 
68  degrees  Fahr.  to  80  degrees  Fahr.,  and,  where  the  air  varied 
from  dry  to  moist,  ordinary  timber  decayed  in  ten  months, 
while  timber  treated  by  the  Aitken  process  remained  sound  for 
two  and  a  half  years. 

Again,  at  one  of  the  Fife  Coal  Companies'  pits  in  Scotland, 
two  pieces  of  timber,  each  weighing  ten  pounds  were  selected 
for  experiment.  One  of  the  pieces  was  treated,  after  which  it 
weighed  twelve  pounds.  Both  these  pieces  of  timber  were  placed 
underground  in  a  return  airway  and,  after  eleven  months,  were 
examined  and  weighed.  The  untreated  timber  only  weighed 
.five  pounds,  while  the  treated  piece  weighed  twelve  pounds. 
They  were  again  replaced  in  the  mine  and,  after  a  total  exposure 
of  three  years,  the  treated  piece  was  found  to  be  sound,  while 
the  untreated  piece  was  decayed  and  worthless,  thus  showing 
that  the  strength  is  apparently  conserved  by  the  process. 
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At  several  collieries  in  the  United  States  wood-treating 
plants  have  been  installed.  It  has  been  stated  that  experiments 
on  the  preservation  of  mine  timber  require  to  be  continued  for 
from  15  to  20  years  before  conclusive  results  can  be  obtaine  d 
but  whether  this  be  true  or  not,  when  a  plant  will  pay  fo; 
itself  in  four  years'  time  in  the  saving  of  timbers,  mere  academic 
considerations  may  be  disregarded.  At  a  mine  in  Pennsylvania, 
where  an  ordinary  stick  of  timber  lasts  about  six  months,  the 
Superintendent,  Harry  G.  Davis,  experimented  with  various 
kinds  of  treatments.  He  had  timbers  set  in  such  a  place  in 
the  mine  that  they  were  all  subjected  to  the  same  general  con- 
ditions. One  set  of  timber  was  seasoned  and  peeled  only, 
a  second  set  was  treated  with  creosote,  and  a  third  set  with  lime ; 
after  the  elapse  of  about  3|  years,  auger  holes  were  bored  into 
the  seasoned  timbers  and  they  were  found  to  be  sound.  While 
it  is  generally  conceded  that  peeled  and  seasoned  timbers  will 
last  longer  in  mines  than  unseasoned  timber,  either  with  or  with- 
out bark,  nevertheless,  from  the  positions  occupied  by  the  sea- 
soned timber  relative  to  the  creosoted  sticks,  a  question  worthy 
of  further  investigation  is  raised,  namely:  "Does  antiseptic 
creosote  used  in  the  treatment  of  mine  timbers,  prevent  the 
growth  of  fungi  in  untreated  timber  in  its  immediate  vicinity?" 

Mr.  Davis'  treatment  of  mine  timber  with  lime  is  as  follows: 
The  timbers  are  packed  in  boxes  with  lime  and  after  wetting  the 
lime  to  slack  it,  the  box  is  sealed  and  its  contents  subjected  to 
steam  over  night.  This  treatment  seems  to  have  a  beneficial 
effect  on  timbers  provided  they  are  not  in  wet  places. 

If  salt-treated  timbers  are  placed  in  water  the  wood  preser- 
vative will  be  washed  out  or  dissolved  from  the  pores.     Conse- 
quently, if  timbers  are  to  be  subjected  to  alternate  dryness  and 
.  wetness  they  should  be  treated  with  preservatives  insoluable 
in  water,  such  as  creosote,  etc. 

Meanwhile  the  open  tank  method  of  treatment  would  appear 
to  be  within  the  reach  of  many  mine  owners.  A  plant  for  this 
process,  and  having  a  capacity  of  100,000  cubic  feet  per  year 
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of  250  days,  may  be  installed  for  a  total  cost  of  about  $1,500.00. 
The  open  tank  method  of  treatment  is  more  effective  than  the 
brush  treatment  inasmuch  as  the  timber  is  immersed  in  the  solu- 
tion and  a  greater  penetration  is  thereby  insured.  In  general 
it  is  well  adapted  for  species  of  timber  which  are  easily  impreg- 
nated and  it  is  a  fact  that  the  construction  and  maintenance 
of  an  open  tank  plant  is  less  than  one-fifth  that  of  a  cylindrical 
plant  of  equal  capacity. 

The  brush  treatment  represents  the  painting  of  the  timbers 
with  one  or  two  coats  of  hot  creosote  or  some  similar  preserva- 
tive, the  amount  of  preservative  required  for  treatment  of  this 
character  being  relatively  small  and  no  special  equipment  is 
needed.  Brush  treatments  are  advisable  when  the  amount 
of  timbers  to  be  treated  is  small  or  when  it  is  necessary  to  restrict 
the  initial  cost  of  treatment  to  the  lowest  figure.  Its  main  dis- 
advantage is  that  the  slight  penetration  secured  is  not  enough 
to  insure  the  protection  of  the  interior  of  the  timber  for  any  con- 
siderable period,  as  the  thin  coating  is  apt  to  be  split  off,  or  nail 
holes  may  cause  decay  in  the  interior  while  the  outside  appears 
to  be  sound. 

The  treatment  of  timber  by  the  cylinder  pressure  method 
has  been  found,  with  many  species  of  mine  timber,  to  be  very 
satisfactory.  The  essential  difference  between  the  open  tank 
process  and  the  pressure  process  is  that,  in  the  former,  atmos- 
pheric pressure  is  relied  upon  to  secure  the  penetration,  while  in 
the  latter  the  preservation  is  forced  into  the  timber  by  artificial 
means.  In  consequence  chiefly  of  the  difficulty  of  impreg- 
nating many  species  of  wood  by  the  open  tank  process  the 
pressure  treatment  is  mainly  employed. 

The  cost  of  a  pressure  plant  depends  chiefly  upon  its  capac- 
ity; the  cost  of  installing  a  small  pressure  plant,  having  a  capac- 
ity of  approximately  750,000  cubic  feet  per  year  of  250  days, 
is  about  S20,000.  The  unit  cost  of  handling  timber  at  the  open 
tank  plant  is  higher  than  at  pressure  plants;  being  in  the  case 
of  the  former  usually  3  to  4  cents  per  cubic  foot,  whilst  at  the 
latter  it  is  from  2  to  3  cents  per  cubic  foot.  These  figures 
are  based  on  the  operating  charges  and  not  on  the  cost  of 
preservative. 
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It  is  not  only  essential  that  treated  timbers  should  last 
longer  than  untreated  ones  but  also  that  this  increased  life  should 
be  sufficient  to  make  their  ultimate  cost  less  than  that  of  similar 
untreated    material. 

How  much  money  is  actually  saved  by  the  use  of  treated 
timber  can  best  be  determined  by  a  comparison  of  the  annual 
charges  for  the  treated  and  untreated  timbers.  Not  only  will 
proper  preservative  treatment  result  in  a  direct  saving,  but  it 
will  make  less  timber  necessary  for  any  given  workings.  Fur- 
thermore, the  use  of  treated  timber  makes  it  possible  to  utilise 
many  of  the  inferior  grades.  As  we  all  know,  inferior  grades 
of  timber  can  be  bought  usually  for  less  than  higher  grades  and 
an  additional  saving  is  thus  realized.  A  further  economy  of 
waste  may  be  effected  by  careful  inspection  and  a  rigid  condemna- 
tion of  all  unsound  material.  This  is  especially  important  where 
timber  is  to  be  treated,  for  it  is  poor  economy  to  apply  preserv- 
atives to  defective  material.  At  present,  timber  is  sometimes 
accepted  in  such  condition  that  it  is  doubtful  whether  its  service 
in  the  mines  would  pay  for  the  cost  of  setting  it,  and  it  is  believed 
that  the  policy  of  accepting  inferior  material  is  a  poor  one. 
More  supervision  in  setting  of  mine  timbers  is  suggested,  for  in 
the  writer's  experience,  a  contract  system  of  timbering,  without 
proper  supervision,  means  setting  the  greatest  amount  of  timber 
in  the  shortest  possible  time,  regardless  of  where  and  how  the 
timber  is  placed. 

The  preservatives  most  commonly  used  are  as  follows: 
Coal  tar  creosote;  water  gas  tar  creosote;  avinarious  carbo- 
linium;  zinc  chloride  and  saccharine  and  arsenic. 

The  following  is  a  table  showing  the  actual  cost  of  treated 
and  untreated  timbers  at  one  of  the  large  mines  in  the  United 
States.: 
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A  POWDER  MAGAZINE 

By  Lewis  Stockett,  Calgary,  Alta. 
{Rocky  Mt.  Branch,  Frank  Meeting,  1913) 

A  powder  magazine  for  the  storing  of  explosives  should  have 
the  following  requisites: — Neighbourhood  Proof;  Fire  Proof; 
Moisture  Proof;  Bullet  Proof;  and  Rat  or  Mice  Proof. 

By  "neighbourhood  proof  "  is  meant  that  in  case  of  an  explos- 
ion the  debris  of  the  magazine  is  not  scattered  over  the  neighbour- 
hood, often  destroying  property  and  life.  By  "fire  proof", 
that  the  magazine  will  not  catch  fire  or  burn  up  from  a  fire  from 
without  or  within.  By  "moisture  proof",  that  the  explosives 
stored  will  not  be  deteriorated  by  contained  moisture.  By 
"bullet  proof,"  that  an  ordinary  rifle  bullet,  or  gunshot,  will 
not  penetrate  the  walls  of  the  building. 

A  magazine  to  be  neighbourhood  proof  should  be  entirely 
surrounded  by  a  mound  of  earth,  so  that  should  an  explosion 
occur,  its  force  will  be  deflected  upwards  and  not  directly  on  to 
buildings  in  the  vicinity;  and  the  material  used  in  the  construc- 
tion of  the  magazine  should  be  such  that  in  case  of  an  explosion 
the  material  will  not  be  projected  beyond  the  site  of  the  magazine. 

To  be  fire  proof,  it  should  be  constructed  of  such  material 
that  will  not  catch  fire  or  burn. 

To  be  moisture  proof,  it  should  have  a  roof  to  shed  rain; 
be  built  in  a  dry  and  well  drained  situation,  and  so  ventilated 
that  the  inside  will  not  retain  moisture;  while  the  material  of 
construction  should  be  to  the  highest  degree  obtainable  non-ab- 
sorbent of  water. 

To  be  bullet  proof,  the  material  used  in  construction  should 
not  be  easily  penetrated  by  a  bullet.  This  applies  to  the  door 
and  roof  as  well  as  to  the  sides.  The  term  ' '  not  easily  penetrable' ' 
is  employed  advisedly,  for  with  the  modern  rifle,  while  it  is  not 
impossible,  it  may  be  impracticable  to  make  a  magazine  abso- 
lutely bullet-proof. 
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Finally,  to  be  rat  or  mice  proof,  obviously  the  material  of 
construction  must  be  of  a  character  to  resist  the  attempts  of 
these  animals  to  effect  an  entrance. 

These  desiderata  were  obtained,  the  writer  believes,  in  the 
construction  of  a  powder  magazine  for  the  Gait  No.  6  mine,  near 
Lethbridge,  Alta.,  a  detailed  description  and  plans  of  which  are 
here  presented. 


2x6  5^tldc^l»o<2 

(S)   l6"Ct*vrr-eS 


Fig.  1 
Plan  of  Powder  Magazine,  Gait,  No.  6  Mine 


Scale — i  feet  to  inch 


A  bend  in  a  ravine  or  coulee  on  the  property  furnished  a 
convenient  site,  afTording  natural  mounds  and  a  dry  location 
with  drainage.  The  foundation  walls,  extending  well  into  the 
ground,  were  built  of  concrete.     On  these  were  laid  the  floor 
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joints;  the  concrete  walls  being  brought  up  to  the  top  of  them. 
A  frame  of  2  in.  x  6  in.  studding  was  erected  for  the  four  sides, 
and  on  this  the  rafters  for  the  roof  also  of  2  in.  x  6  in.  studding, 
were  placed.  The  studding  was  then  lined  both  inside  and  out- 
side with  1  in.  shiplap,  and  the  space  between  filled  with  a  con- 
crete consisting  of  one  part  cement  and  five  parts  sand.  The 
bottom  of  the  rafters  was  then  lined  with  the  1  in.  shiplap  and 
the  space  between  the  rafters  filled  with  the  concrete,  the  top 
of  the  rafters  being  covered  with  shiplap  as  the  filling-in  progress- 
ed.    A  floor  of  1  in.  boards  and  1  in.  flooring  was  next  nailed 
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Fig.  2 

Section  on  A.  B.  Powder  Magazine,  Gait,  No.  6  Mine 

Scale — 4  feet  to  inch 


on  the  joists.  The  door  is  a  double  iron  one,  of  the  kind  used 
for  fire-proof  vaults,  but  having  a  key  lock  instead  of  a  combina- 
tion lock.  The  roof  of  the  building  was  covered  with  galvanized 
Eastlake  shingles  while  galvanized  iron  siding  was  used  on  the 
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sides,  extending  down  over  the  foundation  walls  and  completely 
covering  the  entire  building,  so  that  no  portion  of  the  woodwork 
is  exposed. 

Ventilation  is  secured  by  openings  through  the  concrete  walls 
both  below  the  floor  and  above  it,  which  are  built  diagonally 
with  a  turn  in  them,  and  covered  inside  and  outside  with  a 
fine  wire  mesh. 
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Fig.  3 

Elevation  of  Powder  Magazine,  Gait,  Xo.  6  Mine 

Scale — 1  feet  to  inch 


The  inside  of  the  building  is  made  fire-proof  by  several  coats 
of  whitewash  on  the  sides  and  ceiling,  and  fire-proof  paint  on 
the  floor.  It  was  thought  better  to  have  the  inside  made 
in  the  manner  described  as  the  explosive  to  be  stored  is  mostly 
black  powder  in  kegs  and  it  was  necessary  to  avoid  the  possibility 
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of  the  sparking  of  the  kegs,  or  of  nails  in  the  boxes  containing 
other  explosives,  agajnst  a  surface  of  iron,  cement,  brick  or 
stone. 

The  concrete  filling  being  made  of  cement  and  sand  only, 
it  is  believed  that  in  case  of  an  explosion  the  material  is  more 
apt  to  disintegrate,  or  at  least  make  smaller  pieces,  than  if 
gravel  had  been  mixed  with  it;  and,  being  lined  on  both  sides 
with  iron  and  wood  it  is  more  likely  to  be  thrown  down  than  scat- 
tered. This  latter  is  also  prevented  by  the  natural  mounds, 
afforded  by  the  sides  of  the  ravine  surrounding  the  magazine. 

As  a  precaution  against  prairie  fires,  the  ground  in  the  vicin- 
ity of  the  building  for  some  distance  has  been  ploughed  up. 

The  magazine  will  only  be  opened  in  daylight;  and  lights  of 
any  description  and  smoking  are  prohibited. 

The  cost  of  the  magazine  was  $641.69.  As  stated,  it  is 
believed  that  required  conditions  have  been  met,  and  that  this 
magazine  at  least  approaches  the  ideal  in  point  of  construction. 
The  writer,  however,  invites  discussion  especially  as  to  the  desir- 
ability or  otherwise  of  providing  the  magazine  with  a  lightning 
rod. 


SOME  NOTES  ON  PREPARING  PRELIMINARY 
ESTIMATES   FOR  COLLIERY  BUILDINGS. 

By  N.  C.  Pitcher,  Lethbridge,  Alta. 

(Rocky  Mi.  Branch,  Frank  fleeting,  July,  1913) 

Managing  Directors  and  General  Managers  have  a  most 
disconcerting  way  of  asking  for  estimates  on  work  which  they 
have  under  consideration,  and  of  expecting  the  engineering  de- 
partment to  give  accurate  estimates  at  a  moment's  notice. 
The  following  notes  and  "rules  of  thumb"  have  been  found,  in 
such  circumstances,  to  be  of  considerable  help;  and  while  they 
are  not  in  any  sense  supposed  to  take  the  place  of  detailed  esti- 
mates, which  are  necessary  before  an  appropriation  of  money  for 
the  work  is  obtained,  yet  as  factors  in  making  up  "catch"  esti- 
mates they  may  be  useful  to  the  engineer  who  wishes  to  give 
off-hand  figures  and  at  the  same  time  feel  that  he  has  made  no 
tremendous  bull.  There  is,  of  course,  only  one  way  of  making 
out  a  correct  estimate  of  the  cost  of  projected  works;  and  that 
is  to  prepare  accurate  and  detailed  plans,  and  from  these  take 
a  complete  bill  of  all  material,  basing  the  costs  thereof  on  market 
prices  and  adding  thereto  current  labour  charges. 

It  is  assumed  that,  in  the  case  of  starting  a  new  colliery,  the 
general  scheme  of  working  the  coal  has  been  mapped  out,  that 
methods  of  mining,  haulage,  hoisting,  etc.,  have  been  determined, 
and  that  the  horse-power  of  all  necessary  machinery  has  been  cal- 
culated. It  is  also  assumed  that  such  items  as  rent  of  construc- 
tion tools,  water,  fuel,  light,  etc.,  are  not  charged  to  the  construc- 
tion department;  but  if  charged,  3%  should  be  added  to  all  the 
following  costs. 

Although  summer  conditions  of  weather  are  assumed,  yet  as  a  matter  of 
fact,  the  construction  engineer's  experience  is  that  a  board  of  management 
of  a  colliery  will  usually  spend  several  summers  discussing  work  to  be  done, 
and  as  soon  as  bad  weather  sets  in  will  strain  ever>'  point  to  get  construction 
work  "rushed";  forgetting  that  winter  construction  adds  about  30%  to  all 
summer  labour  charges. 
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The  first  part*  of  this  paper  will  deal  with  approximate 
estimates  on  the  cost  of  buildings  such  as  are  usually  erected  at 
a  colliery;  and  the  second  part  with  estimates  on  the  costs  of 
machinery  required.  In  these  calculations  average  conditions 
of  summer  weather,  labour  supply,  labour  efficiency,  and  trans- 
portation facilities  have  been  considered,  as  well  as  prices  ob- 
taining in  and  freight  charges  to  the  Lethbridge  district. 

A  fairly  accurate  estimate  of  the  cost  of  a  building  may  be 
obtained  by  the  following  method:  Make  a  rough  dimension 
sketch  of  the  proposed  building;  draw  up  an  approximate  bill 
of  material  (allowing  full  margin  for  waste,  etc.),  and  costs, 
and  then  add  fifty  per  cent  to  this  material  cost  to  cover  labour ; 
i.e.,  cost  of  building  equals  labour  one-third ;  material  two-thirds. 

It  may  be  approximately  estimated  that  brick  buildings 
cost  one-third  more  than  wooden  buildings. 

The  following  are  some  notes  of  buildings  on  which  esti- 
mates have  been  made: 

Poiver  house  and  boiler  house. — Back  to  back  construction; 
concrete  foundation,  brick  walls,  steel  roof  trusses,  tar  and 
gravel  roof,  full  basement  under  power  house  with  head  room  in 
boiler  house  for  coal  storage  equal  to  one-fifth  ton  per  H.P., 
brick  fire  wall  between  buildings,  head  room  in  power  house  for 
travelling  crane,  concrete  floor  in  boiler  house,  wooden  floor  in 
power  house,  will  cost  9c  per  cu.  ft. 

The  same  building  in  wood,  on  concrete  foundations,  with 
basement  under  power  house,  metal  shingle  roof,  brick  fire-wall 
between  and  the  outside  painted  with  two  coats,  will  cost  7 
cents  per  cu.  ft.  The  low  cost  is  attributable  to  the  height  of 
the  post,  thus  admitting  of  large  cubic  content  in  relation  to  the 
floor  area;  while  also  there  are  no  partitions. 


The  second  part  of  this  paper  will  be  printed  at  a  later  date. 
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Size  of  Boiler  House. 

Water  tube  boilers,  chain  grate  stokers,  flue  at  back  of  boiler 
and  room  for  coal  bunker  in  house  100  cu.  ft.   per  h.p. 

2.9  sq.ft.     "     h.p. 

Do.    hand    fired 87  cu.  ft.  "      " 

2.5  sq.  ft.  "      " 
Do.   no  coal  pocket 76  cu.  ft. 

2.5  sq.  ft.  " 
Return  tubular  boilers,  coal  pocket,  chain 

grate  stokers,  flue  above  boiler  140  cu.  ft.  per  h.p. 

4.0  sq.  ft.     "      " 

Do.    hand    fired 122  cu.  ft.  per  h.  p. 

3.5  sq.  ft. 

Do.    no  pocket,  hand  fired 120  cu.  ft. 

3.5  sq.  ft. 
Lancashire  boilers,  hand  fired,  coal  storage  180  cu.  ft. 

8  sq.  ft.     "     " 
No   coal    storage  160  cu.  ft. 

The  cost  of  the  power  house  will  be  about  the  same  per  cubic 
foot  as  the  boiler  house  (including  basement) ;  and  its  area  will 
approximate  (if  it  is  intended  to  house  horizontal  air  compressors, 
horizontal  generator  engines  and  generators,  feed  pumps,  feed 
water  heaters  and  fire  pump  and  overhead  crane)  that  of  the 
boiler  house. 

If,  however,  the  installation  is  represented  by  turbine  en- 
gines and  high  speed  vertical  compressors,  now  becoming  so 
popular,  the  required  area  will  be  about  one-half  only  that  of 
the  boiler  house. 

The  back-to-back  style  of  boiler  and  power  house  is  recom- 
mended: First,  on  account,  of  cheaper  construction;  secondly, 
on  account  of  cheaper  and  better  steam  distribution  to  the  power 
house,  as  the  steam  header  may  be  proportioned  as  simply  a 
steam  distributer,  while  with  separate  houses  the  steam  header 
must  be  made  large  enough  to  carry  the  full  import  of  the  boilers ; 
thirdly,  because  of  ease  of  attendance  and  supervision  of  both 
boilers  and  engine  by  the  chief  engineer. 
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Separate  buildings  will  cost  about  one-half  cent  more  per 
cu.  ft.  than  the  back-to-back  arrangement  as  one  extra  wall  is 
required. 

Hoisting  engine  house. — Wooden  or  concrete  foundations, 
sheet  metal  roof,  all  painted  two  coats,  wooden  floor. 

Costs  8  cents  per  cu.  ft. 
Cu.  ft.  per   h.p.=50 
Sq.  ft.     "       "    =2.7 

Fan  engine  house. — Wooden  building  on  concrete  founda- 
tion, with  steel  or  metal  shingle  roof,  painted  two  coats,  wooden 
floor.     For  rope  driven  fan  including  cover  of  ropes: 

Sq.  ft.  per  h.p.=6 
Cu.  ft.   "       "  =100 
Cost  per  cu.  ft.=9  cents 
Direct  connected  engine: 

Sq.  ft.  per  h.p.=3.7 
Cu.  ft.  "  "  =770 
Cost  7^  c.  per  cu.  ft. 

An  electric  driven  engine,  including  the  necessary  switch- 
board, will  occupy  about  the  same  space  as  a  direct  connecte 
engine  set. 

Wash-house. — In  the  Lethbridge  district  it  is  usual  to  allow 
one  locker  for  every  two  men  employed  and  a  shower  bath  for 
for  every  twelve  lockers. 

Wooden  building,  concrete  foundations,  hot  water  or  steam 
heat,  drains  and  ventilators. 

Cu.  ft.  required  per  locker  including  its  proportion  of  shower 
=130  sq.  ft.  per  locker=9.5;  cost  of  building  per  cu.  ft.=9  cents. 

Cost  of  metal  locker,  erected  $5.00  to  $8.00 

Cost  of  shower  bath  including  hot  and  cold  water  piping 
and  G  &  T  partitions  $16.00. 

Colliery  Office. —  Of  similar  construction  to  miners'  cot- 
tages. The  cost  will  be  the  same  per  cu.  ft.  with  one  cent  per 
cu.  ft.  extra  for  hot  air  heating,  and  $350.00  for  fire-proof  brick 
vault,  6  ft.x  8  ft.  X  10  ft.  inside,  with  double  steel  doors  and  com- 
bination lock. 
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Equipment:  Three  flat  topped  desks,  two  typewriters,  let- 
ter press,  blue  print  frame  and  bath,  two  drawing  tables,  work 
tables,  stools,  chairs,  shelving,  cupboards,  etc.,  about  S700.00. 

Hospital. — Of  same  construction  as  miners'  cottages.  The 
cost  will  be  same  per  foot.  The  cost  of  equipment  for  a  five  bed 
hospital  including  beds,  bedding,  range,  furniture  for  nurse's 
room,  cooking  utensils,  operating  table,  small  tables,  linoleum, 
etc.,  will  be  about  S550.00. 

Lamp-house.  — Wooden  building,  concrete  floor,  concrete 
foundations,  metal  roof,  etc.,  with  lamp  racks,  cleaning  and  Ail- 
ing devices,  receiving  table  and  work  table,  steam  heat. 

Cu.  ft.  perlamp=ll. 
Sq.  ft.    "     "     =  1. 
Cost  per  cu.  ft.  =  9  cents. 
Cost  of  Wolfe  lamp  with  new  re-lighting 
device— 84.00. 

Warehouse. — The  size  of  this  building  will  not  depend  as 
much  on  the  size  of  the  colliery  as  on  its  proximity  to  a  city  where 
supplies  can  readily  be  obtained.  A  very  convenient  warehouse, 
and  one  that  will  store  all  the  perishable  material  required  at 
the  average  colliery  will  have  an  inside  measurement  of  24  x  48 
ft.,  be  two  stories  high  and  include  an  office  provided  with 
shelves  to  store  all  small  tools  such  as  drills,  files,  tapes,  etc., 
which  can  thus  be  kept  under  the  storekeeper's  eye.  Specifica- 
tions and  costs  are:  Wooden  building,  steel  roof,  concrete  foun- 
dation, painted.  Lower  floor  for  300  lbs.  per  sq.  ft.  floor  load. 
Upper  floor  for  150  lbs.  per  sq.  ft.  floor  load.  Office  only  heated 
with  stove  or  steam;  both  upper  and  lower  stories  shelved  along 
walls  and  in  centre  of  floor.     Costs,  complete,  §2,000.00. 

Machine  shops. — The  size  of  the  machine  shop  and  its  tool 
equipment  as  in  the  case  of  the  warehouse  is  more  dependent 
on  the  facilities  for  getting  expensive  repairs  made  in  the  vicin- 
ity than  on  the  size  of  the  colliery. 

A  building  of  the  following  description  will  give  ample  room 
for  all  tools  and  provide  generally  for  all  work  required  around 
a  colliery: 
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Size  of  building  inside  28  ft  x  98  ft,  divided  into  carpenter 
shop,  forge  and  machine  shop,  with  brick  fire-walls  between. 

Carpenter  shop       28  ft  x  30  ft. 
Forge  28  ft  x  31  ft. 

Machine  shop         28  ft  x  35  ft. 

Wooden  buildings  on  concrete  piles,  metal  roof,  14  ft  post, 
wooden  floor  in  carpenter  shop  and  machine  shop,  earth  floor 
in  forge,  will  cost  complete  about  $3,800.00. 

Equipment. 
Carpenter  shop: 

1  wood  lathe. 

1  grind  stone  48  in.  x  6  in.  cast  iron  frame. 

2  work  benches. 

1  pneumatic  wood  borer. 
Forge: 

3  48  in.  circular  hearths. 
1  400  lb.  steam  hammer. 

Machine  shop: 

1  14  in.  2-stone  emery  grinder. 

1  2§  in.  to  10  in.  pipe  threader. 

1  26  in.  drill  press. 

1  16  ft.  x  18  in.  lathe. 

1  ^  in.  to  2|  in.  bolt  threader. 

with   their   accompanying  small  tools. 
1  work  bench  with  vise,  etc. 

All   countershafting,   pulleys,  belts,  jack 

shafts  and  motor  to  drive. 
Above  equipment  should  cost  about  $5,500.00 

installed. 

Powder  storage  house. — The  powder  house  should  have  a 
capacity  of  over  one  carload  (10  tons).  It  should  be  fire-proof, 
rain-proof,  well  ventilated  and  of  such  construction  that  should 
the  contents  explode,  no  heavy  masses  of  material  will  be  thrown 
from  it. 
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One  built  on  the  lines  of  that  given  in  U.  S.  Bureau  of 
Mines  Technical  Paper  No.  18  is  10  ft.  x  14  ft,  is  built  of  cement 
mortar  and  will  cost  about  $450.00. 

Oil-house.— F'lre-prooi ,  brick  walls,  concrete  foundations, 
concrete  floor.  Divided  into  two  compartments:  First  compart- 
ment to  be  12  ft.  X  20  ft.  and  capable  of  storing  over  one  car  of 
mixed  oils;  and  second  compartment  8  ft.  x  12  ft.  to  store  eight 
barrels  on  end  on  racks  with  passage  in  the  centre — 8  barrels 
being  about  the  number  of  different  grades  of  oils  and  greases 
used  about  a  colliery.    Cost  of  building  about  $800.00. 

A  Bowser  system  installed  as  an  adjunct  to  the  warehouse, 
complete  with  steel  tanks  to  hold  one  carload,  oil  pump,  etc., 
will  cost,  installed,  about  $1,700.00. 

Stable  (surface) . — Wooden  building  one  storey,  concrete  piers, 
provided  with  stalls,  having  alleyway  between  stalls,  and  feeding 
passage  between  outside  walls  and  stall  heads,  one  box  stall 
and  one  harness  room  to  each  20  horses,  harness  room  steam 
heated : 

Cu.  ft.  per  horse         900 
Sq.  ft.    "         "  86 

Cost  per  cu  ft.  7|  cents. 

This  is  without  feed  or  water  troughs,  which  will  cost 
in  iron  per  manger,  installed,  including  piping,  $4.50. 

Water  tanks. — Wooden  (red  cedar)  staves  complete  with 
roof,  flooring,  hoops  and  dowel  pins  erected  on  wooden  tower  or 
concrete  piers,  see  attached  diagram. 

Miners'  cottages. — It  is  customary  to  calculate  on  two 
working  men  to  a  cottage  or  4  or  5  rooms. 

Wooden,  one  story,  wood  blocking  for  foundation,  no  cellar, 
plastered  two  coats,  painted  two  coats,  of  good  construction  and 
electric  lighted;  11  cents  per  cu.  ft.  Verandahs  are  calculated  at 
one-half  their  cubic  contents. 

The  cost  of  tongue  and  groove  inside  finish  is  the  same  as 
for  plaster,  but  it  is  not  by  any  means  as  good  a  finish  as  it  is 
colder  and  allows  vermin  to  lodge  in  it. 
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For  estimating  on  such  work  the  following  may  be  taken 
for  labour  and  material: 

Framing  and  boarding  30% 


Shingling  roof 

5% 

Outside  finish 

12% 

Chimney 

U% 

Plastering 

16% 

Outside  painting 

8% 

Inside 

5% 

Wiring 

11% 

Hardware 

3% 

Inside  finish 

16% 

Outhouse 

2% 

UTILIZATION   OF   EXHAUST  STEAM   AT 

COLLIERIES  AND  MINES 

By  J.   M.  Gordon,   Montreal,  Que. 

{Annual  Meeting,  Ottawa,  March,  1913) 

"Harness,  harness  it,"  were  once  the  words  of  an  old  engineer 
who  stood  gazing  at  a  beautiful  waterfall,  but  who  could  not 
appreciate  its  aesthetic  appeal  because  he  was  lost  in  the  abstruse 
calculation  of  the  power  that  was  running  to  waste.  The 
present  day  engineer  has  a  similar  thought  and  a  similar  desire 
when  he  realises  the  immense  waste  of  potential  power  in  the 
clouds  of  exhaust  steam  from  large  non-condensing  engines 
at  collieries  and  mines. 

To  within  comparatively  recent  years  the  loss  of  this  ex- 
haust steam,  and  the  amount  of  live  steam  that  was  carried  down 
the  mine  to  haulage  engines  and  pumps  received  scant  attention 
by  mining  engineers.  There  was,  until  recently  no  demand 
for  the  small  sizes  of  coal  from  the  dry  screening  plant,  and  the 
silt  and  sludge  from  the  washery;  it  was  argued,  therefore, 
that  it  was  just  as  well  to  burn  the  small  sizes  in  the  boilers, 
than  to  dump  it  in  a  corner  of  the  colliery  yard  where  it  would  be 
in  the  way  and  an  eyesore.  Conditions  have  now  changed. 
This  silt,  sludge,  culm  and  buckwheat  is  no  longer  valueless. 
Coking  plants,  briquetting  plants  and  mechanical  stokers  must 
now  be  fed,  while  competition  and  the  steady  increase  in  working 
expenses  have  made  the  problem  of  power  distribution  in  and 
around  mines  one  of  considerable  importance.  To-day  more 
than  ever,  the  law  of  the  survival  of  the  fittest  applies.  It  is 
the  day  of  the  electrical  unit.  Thus  in  many  of  the  more  ad- 
vanced mines  in  Great  Britain  and  on  the  continent,  we  no 
longer  find  those  huge  old  Cornish  pumps,  grinding  and  groaning 
as  if  in  agony;  no  longer  thousands  of  thermal  units  going  to 
waste  as  a  result  of  conducting  steam  pipes  down  deep  and  wet 
shafts  to  haulages;  no  longer  long  transmission  lines  of  com- 
pressed air  under  ground  to  distant  coal  cutters.  The  day  for 
these  has  passed.  In  their  place  we  find  high  lift  centrifugal 
pumps  driven  at  from  1500  to  2000  revolutions  per  minute; 
three-phase   high-tension   armoured    cables    passing   down    the 
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shaft;  and  the  transformation  of  the  current  near  the  distant 
coal-cutters  to  drive  an  inbye  air  compressor,  or  to  work  the  coal- 
cutters by  electricity  direct.  And  this  electric  power  has  been 
generated  from  the  exhaust  steam  formerly  disregarded  and 
wasted. 

Meanwhile  condensers  cannot  be  used  with  reciprocating 
winding  engines  on  account  of  the  difficulty  in  controlling  them; 
and  the  compounding  of  existing  reciprocating  engines,  and  the 
installation  of  condensing  plant  gives  such  a  narrow  margin 
of  profit  with  a  disproportional  increase  of  worry  to  the  manage- 
ment, together  with  so  heavy  an  initial  expenditure,  that  it  has 
been  found  preferable  to  run  these  engines  non-condensing.  But 
the  advent  of  the  exhaust  and  mixed  pressure  turbine  has  made 
it  possible  to  utilize  this  hitherto  tremendous  waste  of  heat 
units  by  converting  them  into  electric  units. 

Before  describing,  however,  the  application  and  the  possi- 
bilities of  this  new  power  producer,  it  may  be  advantageous 
to  first  point  out  the  chief  differences  between  the  reciprocating 
engine  and  the  turbine,  and  to  indicate  when  and  how  they 
should  be  placed.  In  the  case  of  the  reciprocating  engine,  the 
heat  units  are  by  their  expansion  in  a  cylinder  and  change  of 
configuration  made  available  for  useful  work  through  the  medium 
of  a  fly-wheel;  while  in  a  turbine  this  transformation  of  static 
heat  energy  into  kinetic  energy  may  be  brought  about  in  one 
of  three  different  ways:  (1)  .  In  the  impulse  turbine  by  the 
expansion  of  the  steam  in  nozzles,  impinging  on  buckets  on 
the  periphery  of  the  turbine  wheel,  which  in  turn  levers  the 
shaft  and  attains  as  high  a  speed  in  some  sizes  as  30,000  revolu- 
tions per  minute;  (2)  In  the  reaction  turbine,  by  the  alternate 
passage  of  the  steam  through  revolving  and  fixed  blades  the 
expansion  is  performed  on  both  sets  of  blades,  the  fixed  blades 
acting  as  guides;  and  (3)  the  operation  is  performed  by  means  of 
a  combination  of  the  first  and  the  second. 

Theoretical  thermodynamics  teach  that  when  a  given 
quantity  of  steam  at  a  given  pressure  and  temperature  exhausts 
into  a  condenser  at  a  certain  pressure  and  corresponding  tem- 
perature, an  equal  number  of  units  are  available  whether  a  re- 
ciprocating engine  or  a  turbine  has  performed  the  functions. 

The  difference  lies  in  the  fact  that  the  expansion  of  steam  in 
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a  reciprocating  engine  is  controlled  by  the  size  of  the  low  pressure 
cylinder,  and  the  maximum  size  to  which  this  can  be  built 
economically,  without  undue  cylinder  condensation  and  friction, 
is  generally  acknowledged  to  be  the  equivalent  of  from  85%  to 
88%  of  the  possible  vacuum;  while  in  the  case  of  the  turbine 
the  expansion  of  the  steam  is  only  limited  by  the  efficiency 
of  the  condensing  plant.  The  higher  the  vacuum,  the  greater 
the  efficiency  of  the  turbine;  so  when  purchasing  a  turbine  set, 
it  is  absolutely  essential  to  purchase  the  best  condenser  on  the 
market. 

A  glance  at  the  P.V.  curve  will  at  once  show  the  greater 
work-producing  capacity  of  the  steam  turbine  than  of  the 
reciprocating  engine.  The  curve  shows  the  adiabatic  expansion 
of  unit  weight  of  steam.  This  curve  |is  theoretical,  and  only 
shows  the  wider  limits  the  turbine  can  control;  and  it  has  no- 
thing whatever  to  do  with  the  mechanical  efficiency  of  the  power 
producers.  The  advantage  the  turbine  has  lies  in  its  capacity 
of  efficiently  utilizing  the  vacuum. 

The  advantage  of  the  utilization  of  this  vacuum  can  be 
thoroughly  appreciated  when  it  is  considered  that  one  pound 
of  saturated  steam  expanded  from  say  16  lbs.  per  sq.  inch  (a 
little  above  atmospheric)  to  95%  of  possible  vacuum,  that  is 
0.7  lbs.  per  sq.  inch,  generates  the  same  amount  of  heat  units 
as  does  the  same  quantity  of  superheated  steam  at  572  F., 
expanded  from  170  pounds  per  square  inch  absolute  to  about 
atmospheric  pressure.  Another  way  of  demonstrating  the 
thermo-dynamic  advantage  of  the  turbine  is  by  the  means  of  the 
entropy  diagram.  The  first  diagram  shows  a  non-condensing 
engine  expanding  from  the  average  colliery  pressure  of  165  pounds 
per  square  inch  absolute  to  20  pounds  absolute,  and  exhausting 
against  a  back  pressure  of  17  pounds  absolute.  This  diagram 
represents  the  available  energy  performed  by  the  non-condensing 
reciprocating  engines  at  collieries  and  mines.  The  second 
diagram  shows  the  reciprocating  engine  expanding  the  steam 
from  165  pounds  absolute  down  to  10  pounds  absolute,  and  ex- 
hausting into  a  26  inch  vacuum.  The  third  diagram  shows 
the  non-condensing  engine  that  performs  the  work  in  the  first 
case,  now  exhausting  into  an  exhaust  steam  accumulator  and 
a    low   pressure    turbine    utilizing    this    discarded    steam    and 
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expanding  it  from  16  pounds  absolute  to  28  inches  of  vacuum. 

The  increase  of  available  energy  demonstrated  in  the  last 
diagram,  makes  it  so  glaringly  apparent  that  further  reasoning 
is  not  necessary  to  demonstrate  the  advantages  and  economy 
of  the  exhaust  steam  turbine  over  the  reciprocating  engine  when 
working  with  low  pressure  steam. 

On  looking  at  these  diagrams  the  question  arises  why  can 
not  the  exhaust  steam  which  one  sees  so  frequently  almost 
enveloping  the  whole  of  a  bankhead  of  a  deep  mine,  be  used  by 
a  condenser.  This  problem  has  taxed  the  ingenuity  of  engineers 
for  years,  and  the  difficulties  to  be  surmounted  have  caused 
such  complications  that  any  available  advantages  have  been 
more  than  discounted  by  the  initial  expense  and  trouble  in 
connection  with  the  operation  of  the  prime  mover  and  its  auxil- 
iaries. When  the  extreme  duties  of  a  winding-engine  winding  out 
of  a  vertical  shaft  are  realized,  it  is  scarcely  surprising  that  con- 
densors  are  not  in  use. 


Fig.  2 
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Some  of  the  difficulties  to  overcome  are:  fluctuating  loads; 
acute  speed  variations;  reversals  of  direction  of  rotation,  which 
have  sometimes  to  take  place  quickly,  and  at  almost  any  posi- 
tion of  the  engine;  and,  at  the  most,  an  average  wind  of  from 
20    to    30    seconds.     These,    then,    are    the    difficulties    to    be 
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Fig.  3 
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surmounted,  and  which  have  baffled  engineers  for  so  long,  and 
have  resulted  in  the  loss  of  countless  millions  of  horse  power. 
The  invention  of  the  accumulator  by  Professor  Rateau  in- 
troduced the  low  pressure  turbine  into  this  field  of  intermittent 
steam,  with  very  beneficial  results. 


Utilization  of  Exhaust  Steam — Gordox. 


493 


Figure  3  is  interesting,  as  it  shows  the  amount  of  energy 
available  by  the  adiabatic  expansion  of  one  pound  of  dry  satu- 
rated steam  when  expanded  from  120  pounds  absolute;  with  the 
increase  0.5  in.  of  vacuum,  from  27  in.  to  29  in.,  wuth  a  baro- 
meter at  30  in.  Expanded  to  atmospheric  pressure  we  have 
120,000  foot-pounds,  and  on  the  continuance  of  expansion  to 
1  lb.  absolute,  or  28  in.  of  vacuum,  the  number  of  foot-pounds 
are  almost  doubled.  In  other  words,  the  power  available  with 
a  low  pressure  turbine,  is  increased  almost  100%.  The  utili- 
zation of  this  extra  100%  by  such  a  prime  mover  w^orking  on 
a  28in.  vacuum,  is  plotted  in  Fig.  4.  This  shows  the  consumption 
of  steam  per  kw.  hour  at  full  load,  with  the  amount  of  energy  in 
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Consumption  of  Steam  by  an  Exhaust  Steam  Turbine. 
Vacuum  28"  (Bar  30") 

kw.  hours  that  can  be  recovered  form  a  given  quantity  of  exhaust 
steam  per  hour.  On  a  750  kw.  set,  the  steam  consumption  is 
36.5  lbs.  per  kw.  hour  or  39  lbs.  per  B.H.P.,  i.e.,  for  every  thous- 
and pounds  of  exhaust  steam  per  hour,  39  B.H.P.  can  be  regained. 
The  history  of  the  steam  turbine  is  well  known  and  hence 
any  recapitulation  is  unnecessary,  but  it  may  be  mentioned 
that  it  v/as  not  until  the  year  1902  that  the  exhaust  steam  tur- 
bine was  introduced,  when  almost  simultaneously  engines  of 
this  type  were  patented  by  the  Hon.  C.  A.  Parsons  and  Prof. 
Rateau.  The  first  Rateau  turbine  was  installed  at  the  Bruay 
mines  in  France. 
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In  applying  exhaust  steam  turbines  to  reciprocating  engines 
at  collieries  and  mines,  there  are  two  distinct  propositions  to  be 
confronted.  First,  the  case  where  the  supply  of  exhaust  steam 
is  constant,  but  variable  in  quantity,  and  second,  where  the 
supply  is  intermittent  and  erratic,  and  where  winding  engines 
cease  operating  at  night,  but  bumping  must  continue. 

The  first  condition  is  brought  about  by  fan  engines,  feed 
pumps,  and  other  auxiliary  prime  movers.  Here  a  low  pressure 
turbine  is  applicable,  with  the  addition  of  a  reducing  valve,  so 
as  to  reduce  live  steam  in  case  of  the  exhaust  steam  failing  in 
quantity  and  thus  allowing  the  output  of  the  turbine  to  drop 
below  its  working  demands.  This  reducing  of  live  steam  in 
a  valve  before  entering  an  exhaust  steam  turbines,  is  anything 
but  economical  and  cannot  be  recommended.  A  turbine  known 
as  the  mixed -pressure  turbine  has  been  devised  to  utilize  this 
intermittent  exhaust  steam  as  well  as  utilizirig  live  steam  in  an 
economical  fashion  when  required  to  do  so.  This  type  of  turbine 
is  thus  the  most  adaptable  for  colliery  and  mine  work.  Usually, 
when  the  exhaust  steam  is  fairly  constant,  a  receiver,  consisting 
of  an  old  Lancashire  boiler-shell,  suffices  to  steady  the  pressure 
for  all  practical  purposes;  but  in  extreme  cases,  and  these  are 
the  conditions  usually  encountrered  at  deep  mines,  it  ife  necessary 
to  resort  to  the  thermal  regenerative  accumulator  through  which 
a  comparatively  steady  supply  of  steam  can  be  maintained 
even  though  the  reciprocating  engines  may  be  stopped  for  an 
interval  of  five  minutes.  There  are  at  the  present  day  three 
or  four  types  of  regenerators  on  the  market.  Prof.  Rateau 
has  the  honour  of  inventing  two  types  of  these  accumulators, 
the  functions  of  which  are  to  store  up  surplus  heat  supplied  when 
the  reciprocating  engines  are  running,  and  regenerating  and 
delivering  when  the  engines  are  at  rest.  These  regenerative 
accumulators  to  be  of  a  commercial  possibility,  must  be  so 
constructed  that  they  shall  have  the  capacity  of  storing  enough 
heat  units,  to  supply  the  turbine  with  exhaust  steam,  should 
the  exhaust  steam  be  cut  off  for  from,  say,  three  to  five  minutes. 
In  the  scrap  iron  type  of  accumulator,  the  heat  storing  medium 
is  scrap  iron,  which  is  packed  in  a  loose  fashion  in  an  old  Lan- 
cashire or  Cornish  boiler-shell.     Very  little  water  is  required 
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in  this  type.  The  exhaust  steam  condenses  in  the  form  of  dew- 
on  the  scrap  iron  and  is  re-evaporated  when  the  pressure  falls  by 
the  heat  that  is  absorbed  and  retained  by  the  iron.  At  the 
Hucknall  Torkard  colliery,  such  an  accumulator  is  in  use. 
It  consists  of  an  old  boiler-shell,  24  feet  long  by  6  feet  in  dia- 
meter, contains  50  tons  of  old  rails  and  scrap  iron,  and  supplies 
a  175  B.H.P.  Rateau  turbine  during  intermittances  of  40 
seconds.  Very  few  of  these  accumulators  are  in  use,  and  there 
is  little  likelihood  of  any  further  installations  of  this  type  on 
account  of  their  initial  cost  and  tremendous  weight.  In  re- 
generators of  this  type,  the  ratio  of  the  volume  of  water  to  iron 
is  as  eight  to  nine. 

The  other  type  of  accumulator  invented  by  Prof.  Rateau, 
is  known  as  the  w^ater  accumulator.  Modifications  of  the 
Rateau  water  accumulator  have  been  patented  by  Louis  Schwarz 
of  Dortmund,  Germany,  by  Richardson  &  Westgarth,  of  Eng- 
land and  by  Samuelson,  of  the  British  Thomson-Houston,  of 
England.  The  principle  of  the  Rateau  accumulator  is  to  keep 
steam  and  water  in  constant  and  violent  contact  with  one  another 
in  order  to  raise  the  temperature  of  the  water  to  correspond  with 
the  pressure,  else  uncondensed  steam  would  rise  and  escape 
through  the  auto-relief  valve.  Water  in  a  stationery  condition 
is  a  bad  conductor  for  the  rapid  interchange  of  heat,  and  the 
method  by  which  Rateau  produced  violent  circulation  in  the  con- 
densing medium  was  by  utilizing  an  old  boiler-shell  or  a  specially 
made  accumulator  shell  of  about  7  to  8  feet  in  dia.,  the  length 
depending  on  the  capacity  of  the  turbine,  while  inside  the  shell 
are  placed  longitudinal  flues  of  oval  section,  with  their  major 
axis  vertical.  The  tops  of  these  flues  are  so  placed  that  the  water 
shall  always  be  a  foot  above  them,  the  water-level  being  main- 
tained by  a  ball  float  valve.  The  vertical  sides  of  the  flues  or 
tubes  are  perforated  with  holes,  so  that  the  exhaust  steam 
when  delivered  into  the  flues,  escapes  through  the  perfora- 
tions, sends  the  water  into  violent  circulation,  and  rises  to  the 
surface.  A  baffle  plate  is  so  arranged  that  it  will  guide  the 
water  back  to  the  bottom  of  the  accumulator,  at  the  same  time 
preventing  water  from  being  carried  into  the  turbine,  which  would 
be   the   equivalent   of   priming   in   a   boiler   plant.     When  the 
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exhaust  steam  is  in  excess  of  the  demand,  the  water  is  raised  to 
boiling  point  and  then  any  surplus  steam  escapes  through  an 
auto-relief  valve;  but  when  the  demand  is  in  excess  of  the  supply 
the  pressure  falls  inside  the  regenerator  and  the  water  then  parts 
with  the  heat  units  it  has  absorbed  by  evaporating,  thus  supply- 
ing the  turbine  with  a  steady  flow  of  steam  and  making  up  for  the 
deficiency.  By  any  chance,  should  the  supply  of  steam  fail, 
the  pressure  becomes  still  further  reduced  in  the  accumulator, 
and  the  steam  in  the  exhaust  pipes  becomes  liberated  to  the  ex- 
tent of  the  weight  of  the  non-return  valve,  thus  keeping  the  water 
in  agitation,  and  by  the  excitation  assists  evaporation.  The 
back  pressure  in  a  7-ft  to  8-ft.  diameter  Rateau  accumulator 
is  small  and  is  at  a  minimum  when  the  water  is  steam  saturated ; 
but  in  the  big  sizes  such  as  a  12  ft.  size,  there  is  a  loss  of  about 
3%  for  every  pound  of  back  pressure.  To  overcome  this,  a 
partition  has  been  introduced  dividing  the  water  into  two  layers, 
and  two  sets  of  steam  flues  have  been  provided.  The  steam 
spaces  about  the  water  are  in  direct  communication,  hence  the 
pressure  in  both  compartments  is  equal. 

In  practice,  the  common  limits  of  pressure  in  these  re- 
generators varies  usually  from  15  to  18  lbs.  per  square  inch 
absolute,  the  difference  of  temperature  being  9.30  F. ;  that  is 
103.5  lbs.  of  water  is  required  for  every  lb.  of  steam,  since  the 
latent  heat  of  steam  at  these  pressures  is  961  B.T.U's.  This 
figure  in  actual  practice  is  raised  to  250  lbs.  as  it  is  impossible 
to  ensure  that  the  whole  of  the  water  in  the  regenerator  will  be 
raised  to  the  highest  temperature.  The  steam  is  supplied  to  the 
turbine  through  a  valve  on  the  top  of  the  regenerator.  Here  also 
a  baffle  plate  is  placed  to  obstruct  any  water  that  may  be 
carried  in  suspension  with  the  out-going  steam.  On  the  inlet 
steam  pipe  a  non-return  valve  is  usually  placed,  in  order  that  no 
water  can  return  to  the  reciprocating  engines  when  at  rest. 

The  Schwarz  accumulator  differs  from  the  Rateau  in  so  far 
as  the  steam  instead  of  being  forced  through  the  water  is  played 
on  it.  The  water  is  pumped  by  a  small  centrifugal  pump  to 
the  top  of  the  accumulator,  then  allowed  to  fall  on  a  series  of 
horizontal  diaphrams;  it  then  rises  to  the  height  of  a  large  num- 
ber of  tubes  that  are  attached  to  the  diaphram,  the  superfluous 
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water  finding  its  way  down  the  tubes  and  is  again  pumped  to  the 
top.  Thus  a  large  surface  is  exposed  to  the  heating  action  of 
the  steam.  The  steam  is  introduced  into  the  bottom  of  the 
accumulator,  and  arrives  at  the  top  by  way  of  the  tubes.  The 
average  dimensions  of  this  accumulator  is  20  ft.  x  13  ft.  and  is 
placed  vertically. 

The  prices  of  accumulators  are  exorbitantly  and  unjustly 
high,  and  the  introduction  of  new  types,  if  put  on  the  market  at 
a  fair  price  will  be  welcomed  by  the  engineering  world. 

In  the  case  of  deep  mines  possessing  winding  engines  having 
cylinders  of  from  36  in.  to  48  in.  diameter  and  winding  from 
vertical  depths  of  from  2,000  feet  to  4,000  feet,  it  is  not  only 
necessary,  but  economically  essential  to  place  some  kind  of  re- 
ceiver on  the  exhaust  main  between  the  regenerator  and  the 
reciprocating  engines.  This  receiver  need  be  only  half  the  size 
of  the  accumulator.  This  assists  greatly  the  regenerative 
organs  of  the  accumulator,  as  it  steadies  the  steam  flow,  acts  as 
a  storage  cell  and  greatly  assists  when  the  pressure  drops  in 
the  regenerator.  It  also  has  the  tendency  to  prevent  the  occa- 
sional quarter  of  a  pound  of  extra  back  pressure  on  the  recipro- 
cating engines  when  the  first  few  strokes  are  performed.  This 
receiver  can  also  act  as  an  oil  separator,  although  it  is  advisable 
to  fit  an  independent  oil  separator  on  the  exhaust  main.  Not 
only  does  this  oil  separator  prevent  oil  from  passing  through  the 
condenser  with  the  water  which  is  so  frequently  used  for  feed 
boiler  purposes,  but  it  reclaims  a  very  large  percentage  of  the 
lubricant  oils,  in  itself  an  important  consideration.  A  few  stag- 
gered rows  of  vertical  bafifle  plates  with  hollow  sides  and  vertical 
curves  are  the  essentials  constituting  this  type  of  oil  separator. 

Another  auxiliary  in  a  turbine  set  is  the  condenser  and  a  few 
notes  thereon  are  necessary  for  the  proper  elaboration  of  the 
subject  under  discussion. 

The  advent  of  the  steam  turbine  has  greatly  influenced  the 
design  of  the  condenser  for  in  previous  days  any  condenser 
giving  a  vacuum  of  25  inches  was  considered  all  that  was  neces- 
sary; but  nowadays  the  demand  for  high  vacua  has  resulted  in 
a  condenser  of  far  greater  efficiency.  In  the  use  of  condensers 
in  mining  plants  a  main  difficulty  is  that  the  cooling  water  almost 
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invariably  employed  is  derived  from  the  mines.  Such  water 
is  rarely  below  56°  F.  This  necessitates  a  large  volume  of  water 
passing  through  the  condenser;  in  fact,  as  much  as  can  be  econo- 
mically allowed.  Consequently  if  the  quantity  of  water  is 
a  factor  of  consideration,  it  will  be  essential  to  erect  cooling 
towers  or  sprays,  with  settling  reservoirs,  as  the  temperature 
of  the  outlet  water  has  such  a  bearing  on  the  vacuum;  in  fact, 
some  British  engineers  prefer  expressing  the  vacuum  from  con- 
densers by  temperature,  rather  than  by  inches  of  mercury.  Re- 
ferring to  Figure  3  it  will  be  found  that  each  inch  from  25  inches 
to  27  inches  is  equivalent  to  4%  consumption  by  the  turbine, 
that  between  27  inches  and  28  inches  about  5%;  and  from  28 
inches  to  29  inches  from  6  to  7  per  cent. ;  or  that  approximately 
3°  F.  difference  in  the  temperature  of  the  exhaust  means  about 
an  increase  or  decrease  of  1  per  cent,  in  the  consumption.  This 
will  demonstrate  the  importance  of  having  the  temperature  of 
the  outlet  water  as  near  as  possible  equal  to  the  temperature  due 
to  the  vacuum.  The  difference  in  a  good  modern  condenser 
should  not  exceed  5°  to  6°  F,  when  condensing  12  lbs.  per  sq. 
foot  per  hour.  Another  method  of  considering  the  efficiency 
of  a  condenser  is  by  expressing  it  in  B.T.U's  transmitted  per 
square  foot  of  cooling  surface  per  hour  for  1°  F.  difference  of 
temperature.  In  well  constructed  surface  condensers,  such  as 
Parsons,  it  can  be  as  high  as  1,200  B.T.U. 

In  the  surface  condenser  the  resistance  to  the  heat  absorbed 
from  the  steam  by  the  water  may  be  considered  in  three  stages. 
In  the  first  stage  we  have  the  transmiission  of  the  heat  from  the 
steam  to  the  tubes  of  the  condenser.  This  transmission  is  gov- 
erned by  the  efficiency  of  the  air  pump  and  by  the  quantity  of 
air  in  the  condenser.  These  factors  can  be  greatly  reduced  by 
dry  air  pumps  or  by  the  more  recent  method  of  the  application 
of  the  Parson  vacuum  augmentor,  which  withdraws  the  air 
completely  from  the  condenser.  Air  in  a  condenser  is  detri- 
mental, since  it  not  only  vitiates  the  vacuum,  but  it  also  blankets 
the  tubes  and  retards  the  transmission  of  heat.  The  second 
resistance  is  small,  and  hardly  worthy  of  consideration.  It 
is  due  to  the  metal  of  the  tube.  The  third  and  last,  but  not  least, 
resistance,  is  the  final  transmission  of  heat  from  the  tube  to  the 
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water.  Should  there  be  a  crust  of  sHme  or  carbonate  on  the  tube 
the  conductivity  of  heat  drops  considerably,  hence  the  efficiency 
drops.  It  is  essential  to  keep  the  water  in  a  violent  state  of 
excitement  in  order  to  prevent  it  having  a  clothing  of  tempera- 
tures. In  recent  years  the  application  of  Parson's  augmentor 
has  greatly  improved  the  condenser.  The  augmentor  is  simply 
a  jet  of  steam  which  sucks  the  vapour  and  air  from  the 
main  condenser  and  delivers  it  through  a  small  auxiliary  con- 
denser to  the  air  pump.  In  practice  this  augmentor  has  been 
known  to  bring  the  conductivity  from  about  250  or  300  to 
between  800  and  1,000,  or  reduce  the  temperature  from  26°  F. 
to  5°  F.,  a  gain  in  temperature  of  approximately  21°  F.,  or  7% 
in  the  total  steam  consumption  of  the  turbine.  This  steam 
jet  consumes  0.6  per  cent,  only  of  the  amount  of  steam  con- 
sumed by  the  main  prove  mover.  In  Scotland,  Korting  Bros, 
ejector  condenser  has  been  used  in  connection  with  mixed 
pressure  turbines  and  has  proved  eminently  successful. 

Discussing  now  the  main  prime  mover,  the  turbine  itself, 
we  have  a  machine  possessing  many  peculiarities  and  differing 
vastly  from  the  old  reciprocating  eng  ne.  One  of  the  chief 
dififerences  is  the  mode  of  lubrication.  In  most  types  of 
mixed  pressure  turbines  the  bedplate  is  the  recepticle  for 
holding  the  oil,  out  of  which  it  is  pumped  through  the 
bearings  and  thence  through  an  oil  cooler  and  again  back 
into  the  bedplate.  Thus  the  oil  is  used  over  and  over  again. 
These  turbines  are  usually  governed  by  centrifugal  governors 
directly  coupled  to  the  shaft  and  in  direct  communication  with 
the  tachometer,  working  a  trip  gear  which  in  turn  opens  and  closes 
the  high  pressure  nozzles  according  to  the  weight  of  load  and 
supply  of  exhaust  steam. 

There  are  quite  a  number  of  mixed  pressure  turbines  on 
the  market,  in  fact,  all  compound  steam  turbines  are  adaptable 
for  exhaust  and  mixed  pressure  use.  The  single  stage  or  De 
Laval  turbine  is  not  adaptable,  as  the  efficiency  is  regulated 
by  the  speed,  the  higher  the  speed  the  higher  the  efficiency 
of  the  machine,  and  it  has  been  found  that  units  of  from  200  to 
300  kw.  is  about  the  highest  economically  obtainable.  These 
sizes  run  with  a  periferal  speed  of  about  1200  ft.  per  second,  which 
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is  about  the  limiting  velocity,  for  above  this,  centrifugal  forces 
become  too  great.  Another  disadvantage  is  that  the  periferal 
speed  being  so  high  the  turbo-generator  cannot  be  directly 
connected  to  the  machine,  but  has  to  be  geared  down. 


Rotar  of  1,350  k.w.     Exhaust  steam  turbine 

The  compound-stage  turbine  as  already  mentioned  ,'s 
divided  into  two  sub-classes,  namely  the  reaction  and  a  combina- 
tion of  impulse  and  reaction.  In  the  first  sub-class  we  have 
Parsons,  while  in  the  second  we  have  the  Rateau,  Zolly,  Curtis, 
Bergman,  Riedler-Stumpf,  Sulzer  and  Echer-Wyss.  The  first 
sub-class  being  the  first  type  to  be  constructed  had  to  contend 
with  the  fierce  cutting  action  of  superheated  high  pressure 
steam  on  the  blades;  and  to  reduce  this  action  as  far  as  possible, 
the  expansion  is  divided  into  a  number  of  stages  thus  reducing 
the  velocity  of  the  steam,  while  also  reducing  the  high  periferal 
speed  and  revolutions.  Meanwhile  metals  or  alloys  have  been 
discovered  to  withstand  this  high  eroding  properties  of  super- 
heated steam  jets  at  great  velocities;  and  there  is  now  in  the 
market  a  combination  of  the  impulse  and  reaction  turbine  with 
very  few  stages. 

Without  discussing  the  details  of  the  respective  types, 
a  short  resume  of  the  better  known  turbines  will  not  be  out 
of  place. 

The  Parson  turbine  consists  of  a  long  cylindrical  drum 
increasing  in  diameter  by  stages  from  the  high  to  the  low  pres- 
sure end.     This  drum    s  mounted  on  a  shaft  revolv  ng  in  two 
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pedestal  bearings  and  the  whole  is  enclosed  in  a  cast-iron  casing. 
Oh  the  perifery  of  the  rotor  are  placed  alternate  rows  of  fixed 
and  rotating  blades  or  vanes.  These  blades  are  fixed  in  dovetail 
grooves  with  distance  pieces  placed  between  them  and  cauked 
into  position.  The  increase  in  size  of  the  blade  in  the  low  pres- 
sure end  requires  it  to  be  stiffened  by  shrouding.  The  fixed 
blades  project  inwardly  while  the  revolving  blades  project 
outwardly.  The  steam  enters  in  the  bottom  of  the  high  pres- 
sure end  of  the  cylinder,  leaving  the  top  clear  of  steam  pipes, 
thus  much  facilitates  dismantling.  The  steam  first  passes 
through  a  ring  of  fixed  or  guide  blades,  and  in  so  doing  the  pres- 
sure falls  and  proportionately  the  velocity  of  the  steam  rises 
and  is  then  projected  in  a  rotational  direction  against  the  neigh- 
bouring ring  of  rotating  blades,  whereby  work  is  done  upon  the 
blades  and  hence  the  acceleration  of  the  rotation  of  the  turbine. 
This  is  carried  on  through  the  different  stages  until  the  steam 
is  fully  expanded  and  it  then  exhausts  into  a  condenser. 

In  this  type  of  turbine  the  steam,  in  addition  to  giving 
a  rotational  force  exerts  an  end-wise  pressure  along  the  shaft,  on 
the  surface  of  the  blades.  This  is  now  counteracted  by  dummy 
pistons  for  the  different  stages  or  sections,  each  presenting  an 
area  equivalent  to  the  mean  blade  area  of  the  section  it  is  in- 
tended to  balance.  Thus  the  turbine  shaft  runs  in  complete 
balance  endways,  and  after  the  critical  speed  has  been  reached 
the  shaft  can  be  moved  backwards  and  forwards  with  a  lever  with 
comparative  ease.  A  claw  type  of  flexible  coupling  is  usually 
used  for  connecting  the  turbine  with  the  generator  to  allow  for 
any  slight  difference  in  alignment.  A  thrust  block  is  placed 
at  the  steam  end  of  the  turbine  shaft  to  give  the  proper  clearances 
and  adjustments  between  the  fixed  and  moving  blades.  In 
the  small  sizes  of  Parsons  turbine  the  shaft  is  usually  made  from 
a  solid  steel  forging,  but  in  the  larger  sizes  hollow  steel  drums 
which  are  machined  both  outside  and  inside  are  fitted  together 
and  carefully  shrunk  and  pinned.  The  lubrication  of  the  bear- 
ings, thrust-block  and  governor  gear  is  automatically  per- 
formed by  a  rotary  pump  driven  from  the  worm-wheel  of  the 
centrifugal  governor;  and  as  it  is  placed  low  down,  it  is  continu- 
ally flooded,  hence  it  is  almost  impossible  that  it  would  fail 
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to  perform  its  function.  The  main  bearings  are  made  of  gun- 
metal.  The  bushing  is  held  in  position  by  a  loose-fitting  dowel, 
and  is  surrounded  by  three  concentric  tubes,  the  annular  spaces 
being  filled  with  oil  in  order  to  damp  vibrations;  this  causes 
the  bearing   to  be  practically  self-centering. 

The  Sulzer  turbine  consists  of  a  partially  injected  impulse 
turbine  for  the  high  pressure  stage,  and  of  a  fully  injected  re- 
action turbine  for  the  low  pressure  stage.  The  blades  of  the 
impulse  wheels  are  made  of  a  high  grade  nickel  steel,  while  the 
reaction  blades  are  made  of  a  special  bronze.  Unlike  other  tur- 
bines this  type  does  not  make  an  oil  well  of  its  bed-plate,  but  has 
a  special  vessel  usually  kept  in  the  basement  of  the  power-house. 
This  is  a  precautionary  measure  against  the  possibility  of  grains 
of  sand  finding  their  way  into  the  oil.  In  order  to  obtain  oil 
when  the  turbine  is  at  rest  a  small  steam  auxiliary  oil  pump  is 
provided,  which  is  usually  attached  to  the  bedplate.  A  device 
is  provided  in  the  turbine  to  make  it  impossible  to  start  the  tur- 
bine before  the  complete  oil  system  (governor,  bearings  and 
balancing  disc)  is  under  pressure.  In  this  type  of  turbine,  in 
sizes  up  to  1500  horse  power,  an  ordinary  collar  bearing  is  used 
to  take  up  the  axial  thrust,  but  in  the  larger  sizes  a  small  oil 
pressure  balancing  disc  is  used  which  is  attached  outside  of  the 
high  pressure  bearing,  and  is  keyed  on  the  shaft. 

The  Curtis  turbine  like  the  Parsons  is  made  by  more  than 
one  firm  in  different  countries.  In  Germany,  a  very  excellent  type 
of  the  Curtis  mixed  pressure  turbine  is  made  by  the  Allg'emaine 
Elektricitats-Gesellschaft,  while  in  Great  Britain,  the  British 
Thomson-Houston  make  a  unique  high  pressure  Curtis  turbine 
with  the  generator  directly  above  the  power  producer,  the  low  and 
mixed-pressure  type  being  of  the  horizontal  construction. 

In  this  type  of  mixed  pressure  turbine  the  expansion  is 
performed  in  two  stages.  The  first  expansion  takes  place  in 
a  row  of  nozzles,  which  brings  the  steam  down  to  approximately 
atmospheric  pressure  and  its  energy  is  then  taken  up  by  the 
turbine  wheel,  usually  comprising  two  rows  of  buckets  with  two 
velocity  stages.  From  this  point  the  steam  is  exhausted  into 
a  chamber  and  there  passes  through  a  second  series  of  nozzles 
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into  the  low  pressure  end.  This  second  series  of  nozzles  is  divi- 
ded into  two  sets,  one  set  conducting  the  exhaust  steam  from  the 
high  pressure  stages,  and  the  other  set  conducting  the  exhaust 
steam  from  the  accumulator.  These  sets  are  so  constructed 
that  the  exhaust  steam  in  the  accumulator  gets  the  preference, 
and  it  is  only  when  the  load  becomes  too  great,  or  the  exhaust 
steam  fails,  that  the  turbine  slows  down,  or  rather  the  tendency 
to  do  so  causes  the  governor  to  open  the  high  pressure  nozzles 
to  the  amount  of  the  deficiency;  and  as  soon  as  the  exhaust 
steam  from  the  generator  can  take  the  whole  load,  the  governor 
once  more  closes  the  high  pressure  nozzles.  The  governor  is 
usually  set  for  a  speed  regulation  of  2%  between  full  and  no- 
load,  with  a  maximum  momentary  variation  of  4%  for  the  pur- 
pose of  s^-nchronising  and  making  the  turbine  bear  a  proportional 
share  of  a  peak  or  sudden  extra  load.  An  emergency  governor 
is  also  fitted  to  this  turbine  so  that  at  any  time  should  the  main 
working  governor  fail,  and  the  turbine  increase  to  15%  above 
the  normal  speed,  a  trip  gear  would  act  and  cause  the  throttling 
of  the  valve  in  the  main  steam  pipe  until  such  a  time  as  the  nor- 
mal speed  was  again  reached. 

These  low-pressure  and  mixed-pressure  steam  turbines  are 
usually  directly  coupled  to  a  three-phase  alternating  generator. 
Three  phase  alternating  current  is  almost  universally  adopted 
because  of  the  economies  in  the  transmiission  lines,  while  also 
three  phase  induction  motors  are  admirably  adaptable  for 
pumping  work  and  haulage.  The  great  disadvantage  the  system 
once  had  was  the  sudden  drop  of  voltage  on  the  main  alternator, 
when  a  fluctuating  or  a  peaky  load  was  encountered,  such  as 
occasioned  by  one  or  two  haulage  motors  commencing  operation 
on  or  about  the  same  time.  This  difficulty  has  been  overcome 
by  automatically  varying  the  resistances  in  the  exciter  field 
through  solenoids  actuating  moving  contacts. 

Low  pressure  turbines  have  also  been  applied  to  rotary 
air  compressors,  and  are  found  economical  when  the  demand 
on  a  reciprocating  air  compressor  exceeds  the  supply.  By  so 
utilizing  the  exhaust  steam  of  the  reciprocating  set  the  rotary 
set  will  supply  air  at  30  lbs.  absolute  to  the  main  compressor, 
and  thus  almost  double  the  output  of  the  main  set  with  no  more 
steam  than  was  used  previously. 
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The  capital  or  initial  costs  of  a  high-pressure  set  and  a 
mixed-pressure  set  are  compared  in  the  following  table.  The 
operating  expenses  for  a  twelve-month  at  an  average  deep 
colliery  where  exhaust  steam  is  plentiful  are  also  computed. 
As  the  plant  under  construction  is  of  two  units,  each  of  1,000 
horse-power,  the  reciprocating  engine  is  not  considered. 

CAPITAL  COSTS 


PLANT  2,  750  Kw.  sets. 

H.P. 

M.P. 

Power  house  and  crane 

(2)  750  kw.  Turbo-generators,  complete .  . 
Complete  installation  of  2  condensing  sets 

1  Cooling  plant 

Battery  of  boilers  with  essentials 

1  Regenerator 

8,250 
50,400 
15,000 

4,000 
30,000 

8,250 
60,000 
23,000 

6,500 

8,000 

$107,650 

$105,750 

ANNUAL  COST  SHEET 


Plant  instld.  2,  750  kw.  sets. 

H.P.  Condenser  26  kw 

M.P.  Condenser  50  kw 

High 
Pressure 

Mixed 
Pressure 

High 
Pressure 

$ 

Mixed 
Pres. 

$ 

Day  Shift  per  Annum 
288  Working  days  of  8  hours 
=     2304   hours  at  600  kw. 

per  hr. 
=     1,382,400   +    condenser 
=-     1,442,300     1,497,600 

Afternoon  Shift 
(Same  as  Day) 

Night  Shift 

288  working  days  at  8  hrs. .  . 

2304  hours  at  250  kw 

=576,000   +  condenser 

1,442,300 
1,442,300 

635,900 

1,497,600 
1,497,600 

691,200 

Grand  Total  of  Units 
Ditto,  of  Useful 
Units 

3,520,500 
3,340,800 

3,686,400 
3,340,800 
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ANNUAL  COST  SHEET— Continued 


Heat 

Mixed 

Heat 

Mixed 

Pres. 

Pres. 

Pres. 

Pres. 

Coal    consumption    per   an- 

num in  metric  tons  at  the 

rate  of  3.4  fts.  of  coal  per 

lew.  hr.  when  mixed  pres- 

sure turbine  runs  on  6-hr. 

live   steam   on   the    night 

Tons 

Tons 

shift 

5,670 

730 

Cost: 

Price  of  coal  at  S4.00  per  ton 

$22,680 

2,920 

Int.  at  5%  on  capital  outlay 

5,380 

5,280 

Depreciation  at  10% 

10,576 

10,575 

Boilerhouse  attendance 

2,500 

600 

Enginehouse  attendance. . .  . 

3,000 

3,000 

Oil  waste  and  stores 

300 

300 

Total  Cost  per  Annum 

$44,625 

22,675 

Cost  per  Useful  Unit 

1.33  cts. 

0.68  cts. 

Advantage  for  mixed  pressure  turbine  .65  cents  per  useful  unit. 


In  conclusion,  an  interesting  instance  in  support  of  the 
foregoing  argument  may  be  here  cited.  In  the  power  station 
of  the  Edinburgh  Corporation,  Scotland,  were  eight  Willin  & 
Beliss  engines  each  of  1,200  H.P.,  designed  to  operate  with  a 
25  inch  vacuum;  but  because  of  a  lack  of  water  these  engines 
were  not  operated  non-condensing.  Mr.  P.  J.  Mitchell,  of  Glas- 
gow, Scotland,  collected  the  exhaust  steam  from  four  of  the  en- 
gines and  installed  two  Rateau  low-pressure  turbines  with  a 
Brown  Boveri,  D.  C.  combination  at  490  to  500  volts.  Each 
of  these  turbines  is  capable  of  developing  1,250  kw.  when  sup- 
plied with  45,600  lbs.  of  exhaust  steam  per  hour.  Two  of  the 
reciprocating  engines  have  a  total  output  of  1,550  kw.  Con- 
sequently the  output  has  been  increased  no  less  than  80%  by 
the  utilization  of  what  was  formerly  waste  steam.  The  con- 
densers installed  were  the  contra-flow  condensers  made  by 
Richardson  &  Westgarth  and  it  is  interesting  to  note  that  this 
Scottish  engineer  had  the  boldness  to  use  the  sewage  water  of 
the  city  of  Edinburgh  for  circulating  purposes. 


THE  USE  OF  GASOLINE  LOCOMOTIVES  IN 
COAL  MINES 

By  A.   RoTTELEUR,   Frank,  Alta. 
{Rocky  Motintain  Branch,  Lethbridge  Meeti^ig) 

Haulage  is  one  of  the  most  important  considerations  in 
the  operation  of  a  coal  mine. 

The  means  of  traction  generally  employed  can  be  divided 
into  three  classes,  as  follows: — 

(a)  Horse   and    mule   haulage; 

(b)  Stationary  engine  haulage; 

(c)  Locomotive  haulage. 

Of  these,  horse  or  mule  haulage  is  probably  the  most  common, 
especially  in  small  mines;  but  when  the  gangways  reach  a  cer- 
tain length,  the  cost  per  ton-mile  becomes  excessive  by  reason 
of  the  low  speed  at  which  the  trips  of  cars  must  be  regulated. 

Stationary  engine  haulage,  whether  the  endless  rope  or 
tail-rope  systems  are  used,  is  deficient  in  many  respects. 
Thus  in  consequence  of  the  friction  and  inertia,  an  engine  of 
greater  power  than  would  otherwise  be  necessary  for  haulage 
purposes  only  must  be  provided.  The  bullwheels  and  pul- 
leys require  to  be  cleaned  and  oiled  in  order  to  diminish  the  fric- 
tion. Moreover,  in  wet  mines,  where  the  water  is  frequently 
acid,  cables  and  pulleys  deteriorate  very  rapidly  and  are 
thus  a  source  of  trouble  and  expense. 

In  locomotive-haulage,  engines  of  various  types  are  employed. 
Of  these,  the  hot-water  locomotives,  termed  furnaceless  engines, 
were  never  in  general  use.  The  disadvantage  in  the  case  of 
both  electric  locomotives  and    compressed    air   locomotives  is 
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that  they  depend  upon  a  central  station  for  their  supply 
of  motive  power;  and  central  stations  are  expensive  to  equip 
and  maintain.  Nevertheless,  the  trolley  electric  locomotive 
is,  without  any  doubt,  a  very  efficient  haulage  engine, 
although  the  electric  wire  in  the  gangw^ay  introduces  an 
element  of  permanent  danger.  This  danger  is  avoided  in 
the  case  of  electric  locomotives  equipped  with  batteries,  but  as 
the  batteries  can  carry  a  limited  charge  only,  engines  of  this  type 
are  less  dependable  than  those  of  the  trolley  type. 

In  addition  to  the  drawback  already  mentioned,  the  haul- 
age power  of  compressed  air  locomotives  is  very  inferior,  since 
only  from  twenty  to  thirty  per  cent,  of  the  power  supplied  to 
the  compressor  can  actually  be  used. 

Benzine  locomotives  have  no  such  defects;  they  are  not 
dependent  on  any  power  station,  are  alwa^'s  available  for  use 
and  carry  their  own  supply  of  fuel,  sufficient  for  eight  or  ten 
hours'  work.  It  has  been  alleged  that  in  case  of  a  misfire  of 
the  engine  the  flame  might  be  shot  outside.  It  has  also  been 
said  that  the  exhaust  gases  from  the  engine  might  vitiate  the 
atmosphere  in  the  mine.  Any  danger  from  the  first  mentioned 
cause  may  be  avoided  readily  by  placing  metallic  gauze  over  the 
exhaust  valve.  The  motor  would  then  be  no  more  a  source  of 
danger  than  a  safety  lamp,  provided  the  gauze  be  cleaned  daily. 

Respecting  the  second  allegation,  in  actual  practice  it  has 
not  been  substantiated.  The  formula  of  oxidation  of  benzine: 
Cg  He  +  12  O  =  6  CO2  +  3  H2  O  shows  that  if  the  engine 
consumes  one  gallon  per  hour,  the  quantity  of  CO2  produced 
is  less  than  six  cubic  feet  per  minute  measured  under  at- 
mospheric pressure,  which  is  absolutely  harmless  in  a  well 
ventilated  mine.  Moreover,  if  required,  the  engine  could 
be  provided  with  a  box  containing  lime  or,  which  is  still 
better,  calcium  chloride.  The  gases  could  not  contain  carbon 
oxides  or  smoke  unless  the  quantity  of  air  be  not  sufficient, 
and  in  that  case,  the  power  and  consequently  the  speed  of  the 
engine  would  be  reduced  and  this  could  be  noticed  in  time  to 
remedy  the  lack  of  air  and  thus  avoid  any  damage  which  might 
result. 

No  doubt,  however,  all  methods  of  haulage  have  both 
their  advantages  and  their  defects.     It  is  for  the  mine-manager 
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to  determine  the  system  that  will  best  serve  his  ends,  for  a 
system  that  might  be  unsatisfactory  in  one  mine  might  well 
afford  excellent  results  in  another.  But  in  reaching  a  decision 
in  this  regard,  the  essential  considerations  are  the  safety  of  the 
workmen   and   economy  of  operation. 

The  Canadian  Coal  Consolidated,  Limited,  employs  in  one 
of  its  mines,  two  benzine  locomotives,  built  by  the  firm  of  Iron- 
side, Son  &  Dyckerhoff,  of  London,  England.  These  locomotives 
are  of  12  h.p.  and  21  h.p.,  and  weigh  four  and  one-half  and  seven 
and  one-half  tons  respectively.  The  general  construction  is 
shown  in  the  accompanying  sketch  (Fig.  1)  and  has  the  following 
features:  Horizontal  single  cylinder,  water  jacketed;  four 
cycles;  spring  controlled  valves;  and  ignition  by  low  tension 
magneto. 

Fig.  2  gives  an  idea  of  the  inlet,  outlet  and  spark  cams  on 
the  camshaft.  The  spark  cam  can  be  slightly  moved  around 
the  crankshaft  in  order  to  retard  the  spark  at  the  time  of  starting. 
After  starting  it  is  then  advanced  as  needed. 

The  three  above  mentioned  cams  cannot  get  out  of  order 
and  their  relative  positions  on  the  crankshaft  cannot  vary  in 
any  case.  Since  the  valves  are  equipped  with  powerful  springs 
and  open  into  the  explosion  chamber  there  is  no  danger  from 
their  opening,  even  in  the  case  of  an  untimely  explosion.  The 
exhaust  gases  pass  through  a  cooling  box,  the  outlets  of  which 
are  covered  with  metallic  gauze.  The  exhaust  cam  is  so  built 
that  the  exhaust  valve  can  be  slightly  opened  when  starting 
the  engine,  in  order  to  diminish  the  compression. 

The  locomotives  are  geared  for  two  speeds,  2^  and  5  miles 
per  hour,  and  can  be  driven  backwards  and  forwards  as  the  cone 
clutches  turn  in  opposite  directions  and  are  free  on  their  axles. 
The  transmission  of  movement  to  the  wheels  is  made  by  endless 
chain.  On  the  top  of  the  locomotives  the  water  and  benzine 
tanks  are  placed. 

The  following  is  a  comparison  of  the  work  of  a  benzine 
locomotive  with  that  accomplished  by  a  compressed-air  locomo- 
tive of  the  same  power,  supposing  that  both  are  working  under 
identical  conditions.  Labour  costs  common  to  both  systems 
are  disregarded  in  this  comparison: — 

The  air  locomotive  is  capable  of  attaining  a  higher  speed 


Figure  I. — Section. 


/n/ef  Gear 


Ktajners 


Figure  II. — End  View, 
oline  Locomotive  for  Coal-mine  Haulage. 
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than  the  benzine  locomotive,  but  the  latter  can  haul  a  greater 
number  of  cars  and  consequently  the  number  of  ton-miles  per 
24  hours  may  be  considered  as  equivalent. 

For  example,  the  20  h.p.  air  locomotive  requires  a  100 
h.p.  compressor  operated  by  a  boiler,  and  the  daily  running  costs 
will  be: 

4  tons  of  coal  at  $2.00 $8 .  00 

2  firemen  at  S3.85 7.70 


$15.70 


The  benzine  locomotive  will  con- 
sume during  the  same  time,  24  to  26 
gallons  of  gasoline  at  .35 9.10 


A    daily    saving    in    favour    of    the 
benzine  locomotive  of S  6 .  60 

If  we  add  to  this  that  the  benzine  locomotive  does  not 
entail  any  expense  of  installation  at  the  surface,  its  superiority 
is  unquestionable. 

In  respect  of  safety,  the  locomotives  owned  by  the  Cana- 
dian Coal  Consolidated,  Limited,  have  never  caused  any  anxiety. 
As  already  stated  the  exhaust  is  equipped  with  a  cooling  box 
and  the  temperature  of  gases  at  the  outlet  of  this  box  have  never 
exceeded  120°  F.  The  air  inlet  is  also  provided  with  gauzes  to 
insure  absolute  safety. 

In  case  of  the  breaking  of  either  the  levers  or  the  springs 
of  the  valves,  no  fiame  would  issue,  since  both  valves  open  into 
the  combustion  chamber  and  would  set  upon  their  seats  at  the 
instant  of  explosion,  thereby  preventing  the  escape  of  gas. 

The  Canadian  Coal  Consolidated,  Limited,  installed  two  of 
these  locomotives  about  two  years  ago,  and  the  only  difficulty  en- 
encountered  during  the  first  year  or  so  was  due  to  lack  of  know- 
ledge. This  has  now  been  overcome  and  the  locomotives  have 
been  in  successful  daily  operation  for  six  months  past. 


CORE   DRILLING. 

By  P.  H.  Moore,  Toronto,  Ont. 
{Antiical  Meeting,  Ottawa,  /9/j) 

In  1857,  the  diamond  drill  was  invented  by  Rudolph  Lashot. 
Prior  to  that  date  it  had  been  found  that  by  using  a  hardened 
cylindrical  saw-tooth  bit  a  core  could  be  taken  from  a  soft  forma- 
tion, but  the  desirability  of  a  harder  cutting  tool  was  recognized, 
and  after  much  experimenting,  diamonds  were  found  to  give 
satisfactory  results.  The  use  of  white  diamonds  for  this  pur- 
pose proved  impracticable  in  view  of  their  cost,  hence  black 
carbons  and  bort  were  employed.  At  this  early  period  black 
carbons  and  bort  were  worth  from  SI. 00  to  $7.00  a  carat. 
This  low  price  enabled  bits  to  be  set  as  large  as  ten,  fifteen  and 
often  twenty  inches  in  diameter.  Attempts  were  made,  and 
some  successfully,  to  take  out  cores  with  these  large  bits,  but 
mechanical  difficulties  were  encountered  both  in  cutting  the  cores 
and  in  lifting  them  from  the  drill  holes.  Consequently  the  size 
of  the  bits  was  reduced,  which  had  the  effect  of  increasing  the 
number  of  drills  in  use.  This  in  turn  affected  the  market, 
and  advanced  the  price  of  carbons  and  bort,  again  with  the  result 
of  the  diminution  of  the  size  of  bits;  until  to-day  a  diamond  crown 
set  is  rarely  used  for  taking  out  a  core  of  a  greater  diameter  than 
one  inch.  The  frequent  mishaps,  such  as  the  fusing  of  bits  un- 
derground, stoppage  of  water,  breaking  of  bits  or  drill  rods,  etc., 
due  to  unskilled  operation,  induced  mining  companies  to  con- 
tract for  drilling  work.  This  caused  specialization  in  this  branch 
of  industry. 

In  reference  to  the  size  of  drill  holes,  it  may  be  asserted 
that  if  the  object  of  drilling  a  deep  hole  be  to  prove  merely  the 
continuity  of  an  ore-body,  a  small  hole  is  as  useful  as  a  larger  one. 
If,  however,  sampling  is  also  an  object,  the  advantages  of  the 
larger  hole  are  obvious.  Until  a  few  years  ago  large  cores  were 
not,  as  already  stated,  practicable  on  account  of  the  prohibitive 
cost  of  the   setting  of  large  diamond   bits.     In    consequence, 
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diamond  drills  have  not  been  employed  in  sampling  to  any  extent. 
The  advent  of  the  shot  drill,  however,  changed  conditions  in 
this  respect.  A  shot  bit  consists  of  a  soft  steel  cylinder,  combined 
with  steel  (iron)  shot.  Its  cost  and  upkeep  is  relatively  low, 
and  by  its  use  a  core,  of  from  three  to  six  inches,  except  in  extreme- 
ly hard  ground,  can  be  extracted  at  less  expense  than  an  inch 
core  obtained  with  a  diamond  drill.  In  the  report  of  the  Nova 
Scotia  Department  of  Mines  for  1911  (p.  211)  the  following 
statement  of  drilling  costs  appears: 

Diamond  drilling  $1 .30  per  running  foot    f "  to  2"  core. 
Shot  drilling  $1 .25  "  \\"  to  6"  core. 

Assuming  the  correctness  of  this  statement,  the  advantage  of 
shot  core  drilling,  especially  for  sampling  purposes,  is  apparent, 
while  the  problem  of  sampling  large  ore  bodies  by  core  drilling 
is   much   simplified. 

To  adequately  sample  any  large  ore  body,  it  is  necessary 
to  secure  a  uniform  section  of  the  formation.  For  this  purpose 
a  round  core  is  ideal. 

A  shot  drill  may  be  used  for  drilling  at  any  angle  from 
the  vertical  to  45  deg.,  providing  the  machines  are  so  geared 
that  the  bits  are  revolved  at  a  sufficiently  high  speed  to  keep 
the  shot  moving  in  a  fairly  even  layer  all  round  the  periphery 
of  the  bit.  A  hole  at  any  angle  less  than  45  deg.  from  the  vertical 
must  be  bored  with  a  diamond  drill.  In  most  cases,  however, 
particularly  where  the  ore  bodies  are  large,  two  one-hundred 
foot  holes,  properly  placed  at  a  steep  angle,  will  prospect  nearly 
as  much  ground  as  one  two-hundred  foot  hole  at  a  very  much 
flatter  angle.  The  only  real  advantage  of  a  diamond  drill 
in  core  drilling  at  present,  is  its  employment  in  boring  flat  or 
horizontal  holes,  or  in  drilling  in  extremely  hard  formation. 

The  initial  cost  of  a  shot  drill  outfit,  compared  with  a  diamond 
drill  outfit,  is  important  to  the  prospector.  A  diamond  drill 
bit  for  extracting  a  oncjinch  core,  costs  from  $1800.00  to  $2000.00 ; 
while  a  complete  shot  drill  outfit,  including  shot  bits,  750  ft. 
of  drill  rods,  and  also  a  boiler,  can  be  obtained  at  approximately 
the  same  expenditure. 
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In  modern  engineering  practice  the  advantage  of  bore  holes 
of  large  diameter  is  being  recognized,  not  only  for  prospecting 
and  sampling,  but  as  an  assistance  to  shaft  sinking,  or  to  raising, 
for  tapping  old  workings,  for  ventilating  and  pumping,  for  pipe- 
ways  and  smoke-ways,  testing  for  foundation  work,  for  artesian 
wells,  for  heavy  blasting  in  quarry  works,  etc. 

Early  Drilling  Operations. 

The  first  record  of  drilling  is  found  in  ancient  Chinese 
literature,  indicating  that  operations  were  conducted  in  that 
country  at  about  B.C.  1000.  The  Chinese  apparently  employed 
a  derrick,  consisting  of  a  tripod  of  large  bamboo  poles.  Wooden 
pegs  were  driven  into  the  upper  ends  of  two  of  the  bamboo 
poles  near  the  cross  piece  and  directly  over  the  driller's  seat. 
A  log  of  wood,  from  which  the  bark  was  peeled,  was  laid  in  the 
crotch  made  by  the  pegs,  and  constituted  the  original  crown  block, 
or  rather  one  of  the  crown  blocks.  The  same  line  of  pleated 
strands  of  manilla  fibre  or  leaves  of  the  bamboo,  passed  over  this 
crown  block.  As  the  hole  deepened  other  strands  were  added 
to  the  sand  line  to  lengthen  it.  Just  below  the  sand  line  crown 
block,  two  other  similar  pegs  were  driven  into  the  bamboo  legs 
and  another  log  of  wood  was  laid  on  them.  This  was  the  crown 
block  or  pulley  for  the  drilling  cable.  The  material  of  the 
cable  was  the  same  as  that  of  the  sand  line,  and  was  similarly 
lengthened  as  the  work  progressed.  The  derrick  floor  was  a  table 
with  bamboo  legs,  placed  outside  of  the  derrick  between  the  holes 
and  the  bull  wheel.  Its  use  was  to  make  an  elevated  platform 
from  which  the  coolies  jumped,  one  after  the  other,  on  to  a  spring 
board  through  the  outer  end  of  which  the  drilling  cable  passed. 
A  knot  was  tied  in  the  cable  under  this  spring  board,  and  every 
time  one  of  the  coolies  jumped  on  to  the  board,  the  cable  was 
sprung,  thus  raising  the  tools  on  the  other  end  with  a  jerk, 
and,  as  the  board  sprang  back,  allowing  them  to  fall.  The  cable 
passed  over  the  lower  crown  block  above  mentioned.  The  coolies 
and  the  spring  board  comprised  the  entire  machine.  It  had  sev- 
eral advantages  which  the  modern  equipment  does  not  possess. 
It  was  always  "fired  up"  ready  for  business  as  soon  as  the  coolies 


Core  Drilling — Moore  513 

were  on  hand;  it  required  no  engine  nor  boiler,  and  always  had 
a  "live  jar  and  spring"  to  it.  No  doubt,  in  the  operation  of  the 
primitive  machine,  the  fat  and  heavy  coolie  commanded  a  better 
wage  than  a  lighter  man,  since  he  could  strike  the  spring  board 
with  greater  force  and  produce  a  better  jar.  The  driller  sat  on 
a  small  bench  astride  the  hole  and  turned  the  cable  by  means 
of  a  stick  about  which  the  cable  was  twisted.  This  was  his  "  tem- 
per", his  "jars"  and  his  swivel.  When  it  was  desired  to  lower 
the  tools,  the  knot  in  the  cable  was  untied  and  retied  higher 
up  on  the  cable,  which  was  lengthened.  The  bits  were  made  by 
nailing  a  piece  of  iron  on  the  end  of  a  log  of  wood.  Two  timbers 
were  buried  in  the  ground,  and  a  wooden  axle  and  a  wooden  wheel 
fastened  on  to  this  axle  and  laid  in  the  crotch  of  the  two  timbers, 
thus  forming  a  guide  wheel  as  distinguished  from  the  bull  wheel. 
The  bull  wheel  was  made  by  driving  a  log  into  the  ground, 
boring  a  hole  in  the  exposed  end  and  erecting  a  large  trestle, 
resembling  a  carpenter's  sawing  trestle,  as  the  upper  guide  for  a 
wooden  axle,  which  was  thus  secured  in  a  perpendicular  and 
rotating  position.  On  this  axle,  (which  resembled  very  much  the 
axle  of  the  bull  wheel  of  modern  equipment,  were  two  rows  of 
spokes,  one  at  either  end,  and  cross  pieces  were  nailed  from  one 
spoke  to  the  other,  directly  above  the  other.  The  drum  or  spool 
thus  crudely  formed  was  about  6  feet  high,  6  feet  in  diameter 
and  stood  on  end.  To  one  point,  in  its  outer  rim,  a  rope  was 
attached  and  was  operated  by  bulls.  The  use  of  the  bull  in 
those  days  was  to  turn  the  "bull  wheel"  as  it  was  naturally 
called,  and  thus  wind  up  the  sand  line  and  elevate  the  bailer 
from  the  hole.  After  dumping  the  bailer,  the  bull  was  turned, 
and  travelling  in  the  opposite  direction,  permitted  the  bailer 
to  return  into  the  hole.  The  bailer  consisted  of  a  bamboo  log 
with  a  leather  valve  in  its  lower  end.  The  bits,  as  already  stated, 
were  logs  of  wood,  and  the  stroke  was  made  by  the  coolies 
jumping  onto  the  spring  board.  If  an  unusual  jar  was  desired 
the  coolies  lifted  the  tools  and  allowed  them  to  drop.  When 
the  tools  were  required  to  be  withdrawn,  the  cable  was  slipped 
from  the  slot  in  the  end  of  the  sprjng  board,  the  coolies  ran  across 
the  file  with  it  and  the  bits  thus  came  to  the  surface.  By  this 
method  there  was  no  "tramping"  of  bull  wheel,  "back  breaking", 
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' '  kicking  her  off  centre  "  or  "  lagging  " .  In  those  days  there  were 
no  fishing  tools;  and  if  anything  went  wrong  with  the  hole,  a 
small  coolie  was  tied  to  the  sand  line,  feet  up,  and  lowered  into 
the  hole.  He  sometimes  came  back  with  the  lost  bit  or  boulder 
in  his  hands.  If  reliance  may  be  placed  on  their  records,  the 
Chinese  drilled  for  oil  and  water  long  before  the  Christian  era. 
It  will  be  noted  that  the  lever  on  which  the  Chinese  danced 
was  the  forerunner  of  the  walking  beam  which  is  now  universally 
used';  in  churn  drillings;  therefore,  the  principle  employed  in 
the  Chinese  drilling  of  wells  in  the  early  days,  was  the  same  as 
is  practised  at  the  present  time. 


^^iFig.  1 


The  result  of  the  introduction  of  the  shot  drill  has  caused 
drilling  work  to  be  employed  more  extensively,  since  the  opera- 
tion of  this  type  of  drill  is  economical.  The  drilling  of  large 
holes  for  prospecting,  testing,  and  for  many  other  purposes, 
is  now  successfully  performed  with  shot  drills.  In  all  ordinary 
drilling  operations  there  is,  as  a  rule,  some  overburden  to 
be  penetrated  by  casing  pipe  before  the  actual  rock  is  en- 
countered. An  appliance  that  has  lately  been  adopted  for 
driving  pipe  economically,  consists  of  a  pile  hammer  sus- 
pended  in   the   derrick   frame  of  the  drill  resting  on  the  top 
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of  the  pipe.  It  strikes  three  hundred  or  more  blows  per 
minute,  compared  with  from  twenty  to  thirty  blows  per  minute, 
as  struck  by  the  ordinary  drive  weight.  The  hammer  weighs 
fifteen  hundred  pounds,  has  a  two  hundred  pound  piston,  and 
strikes  three  hundred  blows  per  minute.  The  power  for  the  oper- 
ation of  the  hammer  is  supplied  from  the  boiler  used  for  the 
operation  of  the  drill.  This  is  an  economical  method  of  driving 
pipe  and  is  especially  adaptable  where  there  is  any  considerable 
depth  of  overburden. 

In  Hastings  county,  Ontario,  the  Canadian  Marble  Com- 
pany are  successfully  using  a  shot  drill,  with  which  the  total 
cost  of  drilling  is  one  dollar  and  a  quarter  per  foot.  The  average 
progress  is  forty  feet  per  twenty-four  hours.  The  core  taken 
out  is  2  I  inches  in  diameter  and  not  infrequently  a  solid  core 
of  stone  is  removed  from  the  core  barrel  intact. 

The  most  striking  proof  of  the  superiority  of  the  shot  drill 
for  certain  kinds  of  work  over  diamond  drills  is  shown  in  Fig.  2. 
The  cores  illustrated  were  taken  from  the  same  ground.  The  shot 
drill  core  is  2f  inches  in  diameter  and  the  diamond  drill  core 
f  inches,  the  area  of  the  former  thus  being  nine  times  greater 
than  the  latter.  The  contract  cost  of  drilling  was  83.50  a  foot 
with  both  machines.  In  addition  to  obtaining  a  much  larger 
core  for  the  same  cost,  the  shot  drill  extracted  a  perfect  core, 
while  the  diamond  drill  produced  a  much  broken  sample.  In 
Cobalt,  where  this  drilling  was  done,  the  high  grade  values  and 
native  silver  were  foimd  in  the  calcite  veins  of  the  Huronian  con- 
glomerate, and  it  was  highly  important,  therefore,  that  a  perfect 
core  should  be  obtained.  Just  as  a  shaft  is  a  better  sampling 
medium  than  a  core  drill  hole,  so  is  a  core  of  large  diameter 
a  better  sample  than  a  core  of  small  diameter. 

A  light  prospecting  machine  weighing  but  437  pounds, 
will  bore  a  2j  inch  hole  to  a  depth  of  400  feet,  or  larger  tools 
may  be  used  with  it  if  desired,  in  which  case  its  capacity  is  300 
feet  for  a  3-inch  hole.  It  is  usually  driven  by  a  gasoline  engine 
to  which  it  is  belt  connected.  At  Sylmar,  Md.,  in  seeking  for 
feldspar  several  thousand  feet  of  drilling  were  done  with  this 
machine  on  a  certain  property,  at  a  cost  of  between  30  and  50 
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cents  a  foot;  while  in  Clearfield  county,  Penn.,  tests  were  made 
in  clay  deposits  for  a  fire  brick  company  at  a  cost  of  about  50 
cents  a  foot. 

But  to  come  nearer  home.  In  the  Porcupine  district 
of  Ontario,  many  operators  employing  shot  drills  on  company 
account  did  not  trouble  to  keep  separate  costs;  but  there  was 
a  general  expression  of  opinion  that  the  cost  of  shot  drilling 
per  foot  in  this  district  was  prohibitively  high.  Thus  in  an 
article  by  J.  A.  Wentz  appearing  in  the  Engineering  and  Mining 
Journal  last  year  the  statement  is  made:  "From  the  number  of 
drills  in  use  there  (referring  to  the  West  Dome  Mines)  their 
cost,  as  reported  by  miners  using  this  type  of  machine,  averages 
about  six  dollars  per  foot  in  the  district,  whereas  diamond  drilling 
work  is  being  undertaken  by  drilling  contractors  at  an  average 
rate  of  three  dollars  and  fifty  cents  per  foot.  At  the  West  Dome 
Mines  three  shot  drills  accomplished  two  hundred  and  fifty  feet 
of  drilling  in  eighty  days,  or  an  average  of  three  feet  per  day  per 
drill."  The  following  specific  information  has,  however,  been 
obtained  from  the  West  Dome  Mining  Co.: 

Before  the  fire  there  were  2741  ft.  drilled; 

Cost  of  labour,  fuel  and  repairs ....   $3290 .  00 
Cost  per  foot 1 .  20 

After  the  fire  there  were  1297  ft.  drilled: 

Cost  of  labour,  fuel  and  repairs.  .  .  .   $3051 .00 
Cost  per  foot 2.43 

But  if  the  fact  be  taken  into  consideration  that  all  the  drills 
were  considerably  damaged  in  the  fire  and  that  subsequent 
repairs  necessitated  an  expenditure  of  $1305.47,  which  amount 
was  charged  against  the  cost  per  foot  of  the  drilling  done  after 
the  fire,  it  will  be  found  that  the  costs  of  the  second  drilling  were 
very  little  in  excess  of  the  first  work  done.  The  best  drilling 
speed  was  519  feet  in  23  days.  The  company  reports,  moreover, 
that  the  cost  of  repairs  included  freight  and  express  charges 
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on  parts.  Again,  it  was  necessary  at  the  time  to  send  to  the 
United  States  for  repair  parts.  This  occasioned  much  delay, 
and  while  waiting  for  supplies  the  drill  runners'  time  was  charged 
against  the  holes.  The  present  drilling  outfit  is  valued  at 
S9199.75.  Now,  even  if  the  Company  had  charged  to  drilling 
this  capital  investment  in  drills,  and  included  therewith  the  drill- 
ing cost  of  86341.00,  the  total  drilling  cost  would  be  represented 
to  have  been  S15,540,  which,  divided  by  the  number  of  feet 
drilled,  would  show  for  a  3-inch  core,  a  cost  per  foot  of  only 
S3. 84.  This,  considering  local  conditions  and  the  difficulty 
of  getting  supplies,  compares  very  favourabh.-  with  diamond  drill 
work,  the  cost  in  this  case  having  been  S3 .  50  per  foot,  for  an 
extraction  of  a  f  in.  core.  All  these  holes  were  bored  at  an  angle. 
Another  example  cited  to  indicate  that  the  use  of  shot 
drills  was  not  practicable  in  Porcupine  or  elsewhere  was  the  work 
done  on  the  Mclntyre  Mines,  by  J.  G.  Harris,  who  was  at  the 
time  in  charge  ofthe  drilling  there.  Mr.  Harris  has  submitted 
the  folllowing  report  of  progress: 

"For  your  information  the  following  record  of  work  done 
by  shot  drills  at  the  Mclntyre  Mine,  is  correct, — 

No.  1  Hole. — Average  rate  of  drilling  9  feet  per  shift.  Total 
depth  328  feet.  This  was  as  deep  as  we  cared  to 
go  in  this  hole. 

No.  2  Hole. — Obliged  to  drive  casing  through  overburden 
110  feet  making  it  necessary  to  telescope  our 
casing  to  such  small  diameter  that  we  could 
not  lower  our  big  shot  tools  into  the  bottom  of 
the  pipe. 

No.  3  Hole. — Drove  casing  65  feet  with  the  same  result  as 
above. 

No.  4  Hole. — Average  rate  of  drilling  was  17  feet  per  shift 
or  about  24  feet  per  day.  Total  depth  242  feet. 
This  depth  was  satisfactory,  being  as  deep  as  we 
cared  to  go  in  this  hole. 
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No.  5  Hole. — Flat  hole  51  deg.  from  the  horizontal.  Hole 
caved  and  lost  tools  at  226  feet.  Average  drilling 
was  12  feet  per  shift  up  to  time  we  lost  the  tools. 
We  wish  to  state  here  that  it  would  have  made 
no  difference  in  this  case  whether  we  were  using 
diamond  or  shot  as  cutting  agents;  in  either  case 
we  would  have  lost  the  tools. 

No.  6  Hole. — All  in  hard  solid  quartz.  Average  rate  of  boring 
4  ft.  per  day.  Depth  attained  110  feet,  which 
depth  was  satisfactory,  being  as  deep  as  we  cared 
to  go  in  this  hole. 

"With  the  above  work  we  were  using  3f  inch  tools  and 
recovering  2|  inch  cores.  The  drilling  in  quartz  gave  us  an 
average  of  95%  of  core  recovered  and  the  drilling  in  schists 
and  other  material  gave  us  an  average  of  85%  or  more. " 

From  Mr.  Harris'  report  on  the  No.  5  hole,  it  is  clear  that 
here  the  loss  of  the  tools  was  attributable  to  the  fact  that  the 
cutting  tools  were  very  much  larger  in  diameter  than  the  drill 
rods.  This  invariably  must  be  the  case  when  cutting  large  cores. 
For  this  reason,  when  the  flat  hole  caved  in  it  was  almost  impos- 
sible to  withdraw  the  drill  rods  from  the  hole.  As  Mr.  Harris 
states,  it  would  not  have  made  any  difference  whether  the  cutting 
agent  was  diamond  or  shot;  in  using  tools  of  this  form,  the  opera- 
tor must  run  the  risk  of  the  hole  caving.  Here  again  much  of  the 
above  drilling  was  hampered  by  delays  in  getting  core  drill 
supplies  which  consequently  increased  the  cost  per  foot. 

In  further  reference  to  drilling  costs  in  Porcupine,  it  is  inter- 
esting to  record  that  the  McKiernan-Terry  Drill  Company, 
of  New  York,  accepted  a  contract  from  the  Rea  mine  to  put  down 
holes  to  a  depth  not  exceeding  seven  hundred  and  fifty  feet, 
at  an  angle  of  forty-five  degrees,  with  a  class  "A"  machine, 
at  an  inclusive  charge  of  two  dollars  and  seventy-five  cents  per 
foot.  At  the  time  there  was  no  rail  communication  between 
Porcupine  and  the  outside  world,  and  this  work  was  also  much 
hampered  by  inability  to  obtain  supplies.  In  spite  of  these  draw- 
backs, the  contract  was  carried  through  profitably.  Where 
core  drilling  is  done  on  company  account,  whether  with  diamond 
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or  shot,  delays  are  usual.  Orders  for  repairs  and  supplies  are 
not  placed  in  time  to  avoid  interruption  to  the  drilling  opera- 
tions. There  seems  to  be  a  general  disinclination  among  drill 
runners  to  make  their  requisitions  for  supplies  in  proper  time. 
There  also  seems  a  disinclination  to  order  sufficient  supplies  at 
one  time.  In  these  respects,  the  expert  drill  contractor 
never  makes  a  mistake.  He  has  always  on  hand  sufficient 
supplies  to  provide  for  all  emergencies. 

Bore  Holes  in  Shaft  Sinking. 

There  have  been  but  few  cases  in  this  country  where  a  bore 
hole  has  been  put  down  for  the  purpose  of  facilitating  the  sinking 
of  a  shaft,  and  consequently  it  is  almost  impossible  to  get  com- 
parative data  upon  sinking  shafts,  with  bore  holes  and  without 
bore  holes.  The  usual  method  employed,  however,  has  been 
to  bore  a  6  inch  hole  in  the  centre  of  the  shaft  to  a  depth  of  about 
100  feet  and  to  then  remove  the  core  drill  and  proceed  with  the 
usual  business  of  sinking.  For  this  hammer  drills  or  piston  drills 
are  used  and  all  the  cut  holes  are  slanted  towards  the  bore  hole. 
It  has  been  found,  upon  firing  these  cut  holes  that  they  will 
usually  break  to  bottom  when  thus  placed,  as  the  bore  hole 
behaves  somewhat  as  a  spring  hole  does  in  quarry  work. 

An  interesting  description  of  this  method  utilized  on  a  large 
scale,  appears  in  the  Engineering  &  Mining  World  of  Nov.  16th, 
1912,  as  follows:— 

"With  the  object  of  facilitating  the  sinking  of  an  air  shaft 
at  the  Koenigsgrube  (Koenigshutte  district)  a  borehole  was 
brought  down  exactly  in  the  centre  of  the  cross  sections  of  the 
proposed  shaft.  Its  diameter  at  the  top  was  28  inches  and  at  the 
bottom  (at  a  depth  of  619  feet,  where  it  met  the  underground 
works,  which  the  shaft  is  intended  to  ventilate)  twenty-one  in- 
ches. The  ground  removed  in  sinking  the  shaft  was  shot  down 
the  bore  hole  and  used  at  the  bottom  as  filling-up  material. 
The  total  cost  of  sinking  the  shaft,  including  not  only  the  tubing 
of  the  bore  hole  and  the  lining  of  the  shaft  with  masonry  (also 
$892.50  extra  expense  caused  by  clearing  a  temporarily 
clogged  part  of  the  bore  hole)  amounted  to  S20,619.60,  or  about 
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$35.  per  .foot.  If  the  shaft  had  been  sunk  without  previous 
boring,  and  after  a  careful  computation  based  upon  the  previous 
experience  made  in  sinking,  the  costs  would  have  totalled 
$25,932.56  or  $45.33  per  foot.  The  saving  in  money  represents 
fully  twenty-five  per  cent,  of  the  total  cost.  There  was  also 
a  very  considerable  saving  in  time,  for  the  whole  work  was  fin- 
ished in  twelve  months,  despite  the  delay  caused  by  temporary 
clogging  of  the  borehole.  Without  the  borehole  the  sinking  of 
the  shaft  would  have  required  at  least  eighteen  months.  This 
mode  of  shaft  sinking  is  recommended  especially  in  wet  country 
and  for  shafts  with  narrow  cross  sections." 

Other  Uses. 

For  testing  their  coal  properties  in  north-western  British 
Columbia,  the  Grand  Trunk  Pacific  Railway  Company  employed 
a  Terry  Class  "A"  Core  Drill,  and  much  work  was  done  in  the 
vicinity  of  Aldermere,  a  point  about  45  miles  from  Hazelton. 
No  costs  are  available,  but  it  is  interesting  to  note  that  one  hole 
was  sunk  at  an  angle  of  50  deg.  to  a  depth  of  750  feet  recovering 
92%  of  the  core,  which  was  3  inches  in  diameter. 

When  it  is  necessary  to  draw  water  in  the  winter,  and  haul 
it  to  the  place  of  operations,  there  is  little  chance  to  reduce 
expenses.  Notwithstanding  this,  winter  work  in  Northern 
Ontario,  in  a  marble  quarry,  has  been  done  at  a  cost  of  less  than 
one  dollar  and  a  quarter  per  foot;  and  forty-five  feet  of  core  have 
been  cut  in  a  day. 

With  a  drill  of  the  Class  C  type,  the  Consolidated  Gas  Co., 
of  New  York  undertook  to  bore  a  well  to  supply  its  Astoria  plant 
with  water.  A  10  in.  hole  was  bored  to  a  depth  of  2001  feet. 
The  formation  was  a  schist  to  a  depth  of  about  200  feet,  andthence 
to  the  bottom  was  a  typical  Fordham  granite.  This  is  the  deepest 
well  of  the  size  that  was  ever  completed  with  a  core  drill.  The 
drilling  was  done  at  a  cost  of  $5 .  50  a  foot. 

In  Fig.  3  are  depicted  some  8|-inch  cores  from  brick  work 
in  which  was  imbedded  a  cast  iron  plate  shown  at  the  bottom 
right  hand  corner.  Iron  or  steel  are  readily  drilled  with  the 
shot  machine.     In  this  connection  some  interesting  drilling  was 
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undertaken  in  New  York,  in  boring  fourteen  inch  holes  through 
and  under  a  street  bridge  crossing  the  Grand  Central  terminal 
yard  at  54th  Street  and  Park  Avenue.  The  bridge  had  settled 
owing  to  the  fact  that  the  foundation  rested  on  slanting  bed  rock, 
and  the  engineers  conceived  the  plan  of  putting  down  four  drill 
holes  around  each  point  of  contact  with  the  bedrock  and  then  fill- 
ing these  holes  with  reinforced  concrete  piles.  This  plan  was 
carried  through  successfully,  although  much  drilling  had  to  be 
done  through  reinforced  concrete  foundations  already  in  place. 

In  short,  the  usefulness  of  the  core  drill  in  connection  with 
engineering  work  of  diverse  character  is  becoming  more  gen- 
erally recognized.  The  drill  has  been  employed,  perhaps,  to  a 
greater  extent  by  the  New  York  Central  Railway  Co.,  than  any 
other  large  corporation.  In  addition  to  the  underpinning  work 
above  described  an  interesting  use  of  the  drill  is  being  made 
on  the  line  of  the  West  Shore  Ry.  at  Highland  Falls,  N.Y.  The 
bridge  at  this  point  was  constructed  a  number  of  years  ago,  but 
it  is  not  now  considered  to  be  sufficiently  strong  for  the  present 
heavy  traffic.  A  new  bridge  has,  accordingly,  been  planned  and 
as  the  outer  or  river  piers  will  be  placed  in  the  water,  a  difficult 
engineering  problem  presents  itself.  The  cliff  descends  sheer 
into  deep  water  and  in  order  to  provide  river  supports,  20-inch 
holes  were  drilled  into  the  solid  rock  and  within  these  18-inch 
pipes  were  set.  The  driving  was  continued  with  the  18-inch 
pipe  to  a  depth  of  several  feet  and  another  pipe  of  smaller  size 
was  then  placed  within  the  18-inch  pipe.  The  hole  was  next 
filled  with  reinforced  concrete,  which  provided  a  solid  and  sub- 
stantial support.  Four  of  these  holes  w^ere  sunk  closer  together 
to  provide  foundation  for  the  caps  holding  the  bridge.  Consider- 
able difficulty  was  experienced  in  starting  the  holes  on  this  work, 
and  a  set  of  tools,  such  as  are  ordinarily  used  in  a  churn  drill, 
were  worked  inside  of  the  20-inch  pipe  so  as  to  get  through  the 
boulders  and  loose  material.  Fig.  4  shows  the  hole  from  which 
the  cores  were  extracted.  It  is  twenty-nine  inches  in  diameter 
(wide  enough  for  a  man  to  enter),  and  could  be  described  as  a  small 
shaft.  There  is,  however,  no  mechanical  difficulty  in  putting 
down  bore  holes  even  five  feet  in  diameter,  using  shot  bits  and 
heavily  constructed   machines. 
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Fig.  5  represents  four  cores,  27^  inches  in  diameter,  cut  from 
the  29-inch  bore  hole.  In  the  second  core  from  the  left  may  be 
observed  part  of  a  2-inch  water  pipe  cleanly  cut.  The  third 
contains  a  section  of  an  8  inch  "  I "  beam  used  for  reinforcing  the 
concrete.  The  fourth,  by  its  faults,  indicates  the  imperfect 
setting  of  the  cement.  When  drilling  through  the  steel  "I" 
beam  and  the  iron  drain  pipe,  there  was  no  appreciable  decrease 
in  the  drilling  speed.  When  the  work  was  done  the  headroom 
was  limited;  consequently  the  cores  were  short  and  work  was 
considerably  retarded.  The  average  rate  of  cutting  was  18 
inches  to  20  inches  an  hour,  while  it  is  stated  that  the  cost  was 
under  $1.00  a  foot,  exclusive  of  labour  and  current  supplies. 
In  this  estimate  was  included,  however,  the  wear  on  the  tools, 
the  consumption  of  shot,  oil,  waste,  etc.  Based,  therefore, 
on  the  amount  of  work  accomplished  in  a  day,  the  total  cost, 
including  labour,  did  not  exceed  S3 .  00  to  $4 .  00  per  foot. 

Sampling. 

Fig.  6  illustrates  a  plan  for  sampling  a  mining  property 
by  core  drilling.  A  3-inch  core  is  to  be  removed  in  this  case. 
The  line  at  the  top  of  the  drawing  represents  a  contact  vein 
and  outcropping  between  limestone  and  schist.  This  contact 
vein  is  mineralized,  and  is  stated  to  dip  65°  N.  Another  contact 
in  a  similar  formation  and  dipping  in  the  same  way,  is  shown  in 
the  lower  right-hand  corner  of  the  map.  Between  these  two 
contacts  some  bedrock  is  exposed,  but  it  is  for  the  most  part  cov- 
ered by  overburden  of  varying  depths.  It  is  proposed  in  this 
work,  to  put  down  test  hole  "No.  1 "  vertically,  at  a  point  north 
of  the  contact  and  near  the  centre  line  of  the  property,  so  that 
it  will  cross-cut  the  contact  vein.  "No.  2"  hole,  also  vertical, 
will  be  put  down  several  hundred  feet  from  "No.  1",  until  it 
pierces  the  contact  at  depth.  Thus  the  exact  dip  of  the  vein  will 
be  determined.  The  approximate  location  of  these  holes  is  shown 
on  the  map.  After  the  two  test  holes  shall  have  been  put  down, 
and  cores  analyzed,  a  row  of  vertical  holes  will  be  bored  to  the 
east  and  west,  north  of  the  contact  as  shown,  in  such  position 
as  to  cut  the  vein  at  a  depth  of  about  100  feet.     The   cores 
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from  these  holes  will  be  analyzed.  A  row  of  vertical  holes  will 
then  be  drilled,  each  100  feet  deep,  along  the  centre  line  of  the 
property  from  north  to  south.     The  cores  from  these  holes  will 
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also  be  analyzed.  It  is  intended  to  put  down  one  of  the  holes 
to  a  depth  of  several  hundred  feet,  near  the  centre  of  the  prop- 
erty, for  the  purpose  of  ascertaining  the  dip  of  the  formation 
at  depth.  A  row  of  holes  will  then  be  drilled  along  the  southern 
contact  vein,  in  exactly  the  same  way  as  was  done  on  the  northern 
contact.  In  all  thirty  holes  will  be  drilled.  It  is  interesting 
to  note  that  all  the  core  drill  holes  will  be  vertical,  the  owners 
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believing  that  as  they  have  no  knowledge  of  the  dip  or  strike 
of  their  pay  shoots,  vertical  holes  are  as  likely  to  encounter 
values  as  holes  bored  at  an  angle.  The  reasoning  in  this  case 
is  logical,  since  vertical  holes  will  cross-cut  the  formation  at 
a  considerable  angle.  The  work  when  completed  will  ensure 
a.  complete  sampling  of  the  property  to  the  specified  depth, 
while  the  plan  of  boring  vertical  holes  will  facilitate  the  mapping 
of  the  formations.  The  work,  representing  about  4,000  feet  of 
drilling,  has  been  undertaken  by  a  contractor,  who  has  agreed 
to  produce  a  3-inch  core,  at  a  charge  of  $3 .  50  per  foot. 

Curvature. 

Diamond  drills  have  been  successfully  used   in  exploring 
at  great  depths  for  ore  deposits;  but  in  deep  drilling  of  this  char- 
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acter,  it  is  always  necessary  to  'locate'  the  bottom  of  the  hole,  in 
order  to  ascertain  where  the  ore  body  has  been  cut  and  the  angle 
at  which  it  has  been  cut.  No  matter  at  what  angle  the  hole  is 
started  there  is  always  a  tendency  of  the  drill  to  deflect  more  or 
less  according  to  the  pressure  on  the  drill  bit,  to  the  size  of  the 
core-barrel  and  to  the  nature  of  the  formation  drilled.  But  the 
larger  the  core  barrel  the  less  the  tendency  to  deviation.  Fig. 
7  serves  to  show  that  a  diamond  drill,  even  in  capable  hands, 
will  sometimes  give  most  misleading  results.  The  diagram  repre- 
sents an  actual  survey  of  a  diamond  drill  hole  sunk  to  a  depth  of 
6656  feet  on  the  property  of  the  Lace  Proprietary  Mines  Co., 
Ltd.,  South  Africa.  The  hole  was  completed  in  1910  and  sur- 
veyed. Special  precautions  were  taken  to  keep  the  hole  ver- 
tical by  using  as  large  a  core  barrel  as  possible.  It  was  30  feet 
in  length.  The  hole  remained  vertical  to  a  depth  of  1000  feet 
when  it  commenced  to  deviate.  From  1000  feet  to  2000  feet 
the  deflection  increased  from  44°  from  the  vertical  and  remained 
practically  at  that  angle  to  a  depth  of  5000  feet.  Below  this 
point  the  deflection  increased  to  a  depth  of  6000  feet,  and  was 
58°  from  the  vertical.  The  surv^ey  of  the  completed  hole  showed 
the  ore  body  to  be  at  a  depth  of  4813  feet  and  situated  3259  feet 
horizontally  from  the  point  at  which  the  drilling  was  started. 
At  this  distance  it  was  on  the  adjoining  property.  Here  was 
apparently  a  case  where  it  would  have  saved  at  least  one-half 
of  the  bore  if  a  large  high  speed  shot  drill  had  been  used  instead 
of  a  diamond  drill.  The  former  would  have  put  down  a  vertical 
hole  without  deflection,  would  have  given  quicker  results,  a 
larger  core,  a  better  sample,  and,  in  this  instance,  would  have 
saved  the  owners  of  the  mine  1,831  feet  of  unnecessary  drilling 
with  the  consequent  expense. 

Upraising. 

Fig.  8  shows  the  method  of  driving  a  raise  at  the  mine  of 
the  Nowata  Lead  &  Zinc  Co.,  in  Jopling  district,  Missouri. 
The  company  desired  to  sink  a  shaft  at  the  point  of  this  upraise 
and  the  manager  undertook  the  work  on  company  account,  after 
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having  first  received  bids  for  the  sinking  of  the  shaft  from 
contractors.  The  lowest  tender  was  $15.50  per  foot  for  a  shaft 
5  feet  by  7  feet,  in  the  clear,  carried  down  to  a  depth  of  210  feet. 
This  would  have  meant  an  expenditure  of  $3255.00.  Although 
the  method  illustrated  was  an  experiment,  it  was  a  successful  one, 


Fig.  8. 
Method  of  Upraising 


despite  the  fact  that  many  unforeseen  difficulties  arose  which, 
should  work  of  a  similar  nature  be  undertaken,  could  be  avoided. 
The  aggregate  cost  of  the  shaft  was  only  $1237.48,  or  $6.06  per 
foot,  thus  representing  a  saving  of  $1982.42.  A  6-inch  hole  was 
drilled  at  the  point  where  it  was  desired  to  sink  the  shaft. 
Through  this  hole  a  cable  was  passed  downwards  from  the  hoist 
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over  a  sheave  to  support  the  platform  that  held  the  machines. 
The  round  was  drilled  out,  loaded  and  attached  to  the  battery 
wires;  the  platform  was  lowered  and  unhooked  from  the  cable 
and  dragged  into  a  place  of  safety;  the  cable  was  hauled  up  the 
drill  hole  and  the  round  was  fired.  Then  the  cable  was  lowered 
into  the  hole,  the  platform  hooked  on  and  the  operation  repeated. 
The  Company  is  now  employing  this  method  of  upraising  at 
other  mines,  and  also  with  especial  success,  in  developing  a  water 
power  near  Cobalt. 

As  a  final  note  it  may  be  mentioned  that  core  drilling  may  be 
and  is  successfully  applied  in  sUb-aqueous  or  sub-marine  opera- 
tions. Thus  the  core  drill  was  employed  to  excellent  effect 
in  testing  for  pier  foundations  in  Havana  harbour,  and  it  was 
also  advantageously  used  in  making  test  borings  in  connection 
with  the  construction  of  the  Catskill  aqueduct. 


CLAY    AND    SHALE    DEPOSITS    OF    THE    WESTERN 
PROVINCES  OF   CANADA.* 

By   Heinrich  Ries,  Ithaca,  N.  Y, 

The  present  paper  is  intended  to  give  in  summarized  form 
the  results  of  three  seasons'  field  work  in  the  western  provinces 
of  Canada  The  investigations  of  the  first  season  (1910)  have 
already  been  published^  and  those  of  the  other  two  are  now 
in  press. 

The  work  has  covered,  in  many  cases  somewhat  thoroughly, 
the  territory  between  Winnipeg  and  the  Pacific  Coast,  and  from 
the  international  boundary  to  the  latitude  of  Prince  Albert 
and  Edmonton.  A  reconnaissance  was  also  made  through  the 
Yellowhead  Pass,  and  around  Prince  Rupert. 

In  addition  to  examining  the  clay-bearing  formations  in 
the  field,  a  number  of  average  samples  were  carefully  collected 
and  submitted  to  fire  tests,  in  order  to  determine  the  value  of  the 
materials  for  the  manufacture  of  clay-products.  Altogether 
over  30  samples  have  been  subjected  to  physical  tests,  the  details 
of  which  will  be  found  in  the  reports  referred  to  above.  Very 
few  chemical  analyses  have  been  made,  as  these  yield  but  little 
information  of  practical  value. 

As  a  result  of  these  several  seasons  of  field  work  we  now  have 
a  tolerably  accurate  knowledge  of  the  clay  resources  of  the  western 
provinces,  at  least  in  those  areas  which  are  easily  accessible. 

There  are,  of  course,  remote  areas  not  now  accessible 
to  lines  of  railway,  in  which  clay  deposits  of  economic  importance 
may  be  found;  but  until  railways  penetrate  these  regions,  the 
clays,  even  if  they  exist,  are  of  little  value. 

A  clay  or  shale  deposit  to  be  of  economic  value  must  be  favour- 
ably situated,  so  that  the  product  made  therefrom  can  be  cheaply 
transported  to  the  market;  it  must  be  of  sufficient  size  to  support 
a  plant  of  at  least  moderate  size;  and  it  should  be  so  located  that 


*  Published  by  permission  of  the  Director,  Canadian  Geological  Survey. 

^  H.  Ries  and  J.  Keele,  Preliminary  Report  on  the  Clay  and  Shale 
deposits  of  the  Western  Provinces  of  Canada,  Memoir  24  E,  Canadian  Geolo- 
gical Survey. 
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it  can  be  easily  and  cheaply  mined.  Any  or  all  of  these  factors 
are  unfortunately  sometimes  overlooked  by  persons  interested 
in  the  development  of  clay  or  shale  beds. 

For  convenience  the  same  geographic  grouping  used  in  the 
Geological  Survey  reports  is  here  adopted,  namely,  that  of 
dividing  the  territory  under  discussion  into  the  Great  Plains, 
Mountain,  and  Pacific  Coast  regions. 

Great  Plains  Region. 

In  this  region,  which  extends  from  Winnipeg  to  the  Rocky 
Mountains,  we  find  both  surface  clays  and  shale  formations. 
The  former  are  more  widely  used,  but  the  latter  are  the  more 
valuable  commercially. 

Surface  clays. — These  are  widely  distributed  over  the  Great 
Plains,  and  are  used  chiefly  for  the  manufacture  of  common 
brick.  They  belong  to  three  types,  viz.:  (1)  Salse  clays;  (2)  river 
terrace  clays  and  (3)  delta  deposits.  The  first  and  third  types 
are  usually  closely  associated  with  glacial  deposits,  so  that  they 
often  form  pockets  or  irregular  masses  in  the  glacial  deposits. 

The  lake  clays  are  not  regularly  distributed;  they  are  of  vari- 
able character,  and  in  some  cases  resemble  some  of  the  represent- 
atives of  other  types  in  their  physical  properties. 

The  most  extensive  deposit  of  this  type,  and,  perhaps, 
an  abnormal  one,  is  the  dark  grey  clay  underlying  the  brick  clay 
in  the  Red  River  valley.  Around  Winnipeg  it  is  found 
underlying  the  flood  plain  clays  of  the  Assiniboine  and  Red 
Rivers,  and  is  avoided  by  the  brickmakers  for  the  reason  that  it 
is  sticky,  hard  to  work,  shrinks  strongly  and  cracks  badly  in 
drying  and   burning. 

In  contrast  to  these  are  the  local  deposits  of  lake  clay  of 
a  more  sandy  character  worked  in  the  vicinities  of  Red  Deer 
and  Prince  Albert. 

The  flood  plain  deposits  are  found  bordering  some  of  the 
larger  rivers.  They  are  sandy,  and  available  mainly  for  common 
brick  manufacture,  although  sometimes  sufficiently  smooth 
and  plastic  to  be  molded  into  drain  tile.  It  is  this  type  of  clay 
that  is  worked  near  Winnipeg  and  Edmonton. 


530   Clay  and  Shale  Deposits,  Western  Canada — Ries 

The  practical  brick  manufacturer  would,  of  course,  class 
these  several  types  as  surface  clays,  and  we  may  therefore  gener- 
alize somewhat  regarding  them  from  this  viewpoint.  The 
surface  clays  then  are  usually  silty  or  sandy,  and  often  calcaceous 
to  such  a  degree  that  they  burn  to  a  cream  coloured  product, 
as  in  the  neighbourhood  of  Winnipeg,  Portage  la  Prairie  and 
Edmonton.  At  other  times  they  are  red-burning,  because  the 
lime  percentage  is  comparatively  low.  When  the}^  are  sandy 
they  make  a  rather  porous  brick,  but  at  not  a  few  localities  they 
are  sufficiently  plastic  to  work  satisfactorily  in  a  stiff-mud  machine, 
and  can  be  used  not  only  for  common  brick  but  also  for  pressed 
brick,  drain  tile  and  partition  tile.  Some  of  them  have  to  be 
carefully  dried  to  prevent  cracking,  but  if  this  fault  is  recognized 
it  can  be  overcome  usually  in  the  surface  clays.  Where  a  poor 
product  is  made  from  this  type  of  material,  it  is  sometimes 
due  to  careless  selection  of  the  raw  material. 

Shales.- — The  Plains'  area  is  underlain  by  extensive  shale  for- 
mations; but  in  many  cases  they  are  so  deeply  buried  under 
surface  deposits  as  to  be  unavailable.  The  best  exposures  are 
commonly  obtained  on  the  slopes  of  hill  or  mountain  ridges 
which  rise  above  the  general  level  of  the  plains,  or  on  the  sides 
of  river  valleys,  whose  cut  banks  sometimes  afford  splendid 
sections.  Notable  exposures  are  to  be  observed  along  the  Sas- 
katchewan river,  between  Medicine  Hat  and  Redcliff. 

The  shale  formations  of  the  Great  Plains  regions  belong 
to  some  six  different  formations,  and  present  considerable  diver- 
sity of  character.  Those  shales  which  are  of  value  in  the  clay- 
working  industry  include  the  Niobrara,  Pierre,  Belly  river, 
Edmonton,  Laramie  and  Miocene. 

The  Niobrara  shales  are  found  in  both  Manitoba  and  Sas- 
katchewan. In  southern  Manitoba,  near  Seary,  the  shale  is 
very  plastic,  and  slightly  carbonaceous.  It  has  been  used  suc- 
cessfully, however,  for  dry-pressed  brick.  To  the  northward 
along  the  eastern  face  of  the  Porcupine  Hills  the  Niobrara  is 
found  in  quantities,  but  is  too  carbonaceous  to  be  used  for  brick 
manufacture,  although  it  could  be  employed  as  an  ingredient 
of  Portland  cement. 
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In  Saskatchewan,  along  Salt  lake,  north  of  Regina,  there 
are  extensive  exposures  of  Niobrara  shale,  which  could  be  used 
for  dry-pressed  brick,  but  has  too  high  an  air  shrinkage  to  permit 
of  working  it  by  a  plastic  process. 

One  interesting  result  of  our  laboratory  tests  was  the  demon- 
stration of  the  possibility  of  making  sewer  pipes  from  a  mixture 
of  Niobrara  and  Pierre  shale.  The  former  shale  has  a  high  shrink- 
age and  high  plasticity,  while  the  latter  has  a  low  shrinkage 
and  low  plasticity,  but,  is  the  more  refractory.  A  mixture  of 
these  two  was  made  into  small  pipe  by  forcing  through  a  die, 
and  then  put  in  a  sewer  pipe  kiln  and  salt  glazed  with  very  satis- 
factory results. 

Since  these  two  formations  are  found  not  far  apart  in  Mani- 
toba, the  utilization  of  the  shales  for  sewer  pipe  making  is  worth 
considering.  The  Pierre  formation,  which  is  composed  al- 
most wholly  of  shales,  occupies  the  summits  of  all  the  higher  land 
in  the  western  part  of  the  province  of  Manitoba. 

The  upper  portion  of  the  Pierre  carries  a  considerable  thick- 
ness of  hard,  light,  grey,  fine-grained  shale;  the  lower  portion 
consisting  of  softer  dark  grey  shale,  which  contains  crystals 
of  selenite  and  nodules  of  clay  ironstone. 

The  Pierre  shales  are  found  outcropping  at  a  number  of 
localities  in  the  province,  but  their  utilization  has  been  attempted 
at  La  Riviere,  Manitoba  only. 

It  can  be  asserted  confidently,  that  a  good  product  may  be 
obtained  from  the  Pierre  shale  if  it  is  properly  handled.  In 
order  to  obtain  the  best  results  the  shale  should  be  finely  ground, 
and  then  mixed  with  a  little  surface  clay,  in  order  to  make  the 
material  more  plastic  and  to  give  a  denser  body. 

The  Pierre  shales  stand  a  higher  heat  than  many  of  the  other 
shales  found  in  the  Plains'  region,  but  they  are  not  fire  clays 
as  some  contend.  When  used  alone,  their  chief  use  will  probably 
be  for  the  making  of  dry  pressed  brick. 

The  Belly  river  formation  underlies  a  large  area  of  the  Plains, 
swinging  in  a  broad  curved  belt  from  the  international  boundary, 
south  and  southeast  of  Lethbridge,  Alta.,  northeastward  to  Med- 
icine Hat  region,  and  thence  tapering  to  the  northwestward. 
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Although  of  such  great  extent,  outcrops,  because  of  the  heavy 
mantle  of  Pleistocene  surface  material,  are  scarce.  The  best  ex- 
posures are  in  the  cutbanks  of  the  larger  rivers,  such  as  the  South 
Saskatchewan,  Belly  and  St.  Mary's.  But  even  here  the  sec- 
tions are  sometimes  not  continuous,  by  reason  of  the  irregular 
surface  of  the  bed  rock. 

The  Belly  river  shale  formation  consists  of  a  great  series 
of  shales,  with  occasional  beds  of  lignite  and  sandstone.  The 
shale  beds  are  usually  in  the  form  of  lenses,  some  of  these  being 
of  great  horizontal  extent  as  compared  with  their  thickness. 
The  characters  of  these  shales  may  be  summarized  as  follows: 
They  are:  (1)  usually  red  burning;  (2)  often  very  plastic;  (3) 
occur  in  lenses,  sometimes  of  considerable  size;  (4)  fusion  points 
not  as  a  rule  above  1230°  or  1250°C.;  (5)  many  work  smoothly 
through  a  die;  (6)  care  has  to  be  used  in  drying  to  pre- 
vent cracking. 

These  shales  form  an  important  source  of  supply  for  making 
common  brick,  pressed  brick  and  fire  proofing.  More  recently 
certain  ones  have  been  used  for  common  earthenware.  At  pres- 
ent they  are  worked  only  in  the  region  around  Medicine  Hat 
and  Redcliff,  but  they  are  easily  accessible  at  other  points  as 
Bow  Island,  Taber,  Lethbridge  and  vicinity.  Milk  Creek  near 
Pincher,  etc.  They  have  been  tried  for  sewer  pipe,  but  not  with 
much  success.  An  important  economic  feature  is  the  fact  that 
in  several  parts  of  the  Belly  river  area  natural  gas  for  burning 
the  clay  can  be  obtained. 

The  Laramie  formation  proper  underlies  a  small  triangular 
area  in  southern  Manitoba,  in  the  Turtle  mountain  region; 
but  while  this  no  doubt  contains  good  clays,  they  are  not  at  pres- 
ent near  transportation  lines. 

Farther  west  a  second  but  much  larger  triangular  area  is 
found  in  southern  Saskatchewan.  The  base  of  this  triangle 
forms  the  southern  boundary  of  this  province,  as  far  west  as  the 
Wood  mountain  district,  which  is  included  in  it.  It  will  probably 
afford  fire  clays  when  accessible. 
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From  the  apex  of  the  triangle  mentioned  above  a  narrow- 
belt  extends  northeastwards  to  a  little  beyond  the  main  line  of 
the  Canadian  Pacific  Railway  west  of  Moosejaw.  This  area 
includes  the  Souris  coalfield  and  the  Dirt  Hills. 

Considering  the  Laramie  formation  of  these  two  areas,  we 
find  that  it  presents  two  very  contrasted  types  of  clay  deposits. 

In  the  Souris  coalfield  we  have  a  number  of  shale 
deposits  associated  with  the  coal  seams.  These  shales  burn 
to  a  red  or  sometimes  buff  colour^,  and  are  interbedded  with 
coals  and  sandstones.  Practically  no  attempt  appears  to  have 
been  made  to  utilize  them  except  at  Estevan;  although  they  can 
be  used  for  pressed  brick  manufacture. 

The  second  type  of  clay  is  that  found  in  the  Dirt  Hills 
south  of  Moosejaw.  Here  we  have  deposits  of  white  and  grey 
clays  of  truly  refractory  character,  and  associated  with  them 
are  clay  shales  of  lower  refractoriness.  By  using  proper  mixtures, 
these  materials  can  be  used  for  making  fire  brick,  pressed  brick, 
sewer  pipe  and  stoneware.  The  deposits  represent  one  of  the 
greatest  clay  assets  of  the  Great  Plains  area. 

Next  in  importance  to  the  Laramie  formation  is  the  Edmonton 
formation.  This  underlies  a  belt  of  varying  width  extending 
from  the  centre  of  the  province  of  Alberta,  and  also  extending 
westward  from  Edmonton  towards  the  mountains.  ' 

In  Alberta  it  is  divided  by  Dowling  into  two  parts:  (1)  A 
coal-bearing  member  known  as  the  Edmonton  and  likely  to  be 
the  more  productive  of  shales,  and  (2)  a  heavy  sandstone  forma- 
tion known  as  the  Paskapoo.  The  first  forms  a  trough,  w^hich  is 
filled  along  its  center  by  the  latter.  This  trough  widens  to  the 
north,  and  also  flattens,  exposing  a  larger  area  of  the  Edmonton 
series  than  in  the  southern  parts.  The  shales  are  found  with  the 
coal  seams  around  Edmonton,  and  also  up  the  Saskatchewan  river 
south  of  that  locality.  They  are  likewise  w^ell  exposed  to  the  west 
of  Edmonton  along  the  Pembina  and  Lobstick  rivers,  and  on  Wolf 
creek  still  farther  west.  Those  around  Edmonton  as  a  rule 
give  trouble  in  molding  and  drying  and  are  not  satisfactory, 
because  of  their  tendency  to  crack;  but  those  found  to  the  west- 

-  See  Memoir  24  E,  page  79. 
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ward  at  the  points  mentioned  are  well  worth  working,  since  they 
represent  materials  that  can  be  used  for  common,  pressed  and 
paving  brick,  drain  tile,  fire  proofing  and  probably  in  some  cases 
sewer  pipe.  Shale  exposures  should  also  be  looked  for  on  the 
Red  Deer  river  within  the  limits  underlain  by  the  formation, 
and  on  the  Bow  river  near  Crowfoot  Crossing.  A  narrow  belt 
of  the  Edmonton  formation  occurs  along  the  foothills,  and  passes 
west  of  Cowley  on  the  Crowsnest  branch,  and  west  of  Cochrane 
on  the  main  line  of  the  Canadian  Pacific  railway. 

The  Tertiary  formations  overlie  the  Edmonton  series  and 
form  a  broad  belt  extending  from  somewhat  north  of  the  Grand 
Trunk  Pacific  west  of  Edmonton,  southward  almost  to  the 
international  boundary.  The  formation  consists  of  shales  and 
sandstones  often  alternating  in  rapid  succession.  Outcrops  are 
scarce,  as  the  formation  is  heavily  and  extensively  covered  by 
Pleistocene  sands  and  gravels.  It  includes  the  shale  areas 
examined  at  Red  Deer,  Calgary,  Sandstone  and  Pincher  Creek 
by  Pincher. 

Tests  of  the  shales  collected  from  these  areas  in  1910  and 
1911  have  shown:  (1)  that  the  formation  carries  a  number 
of  beds  of  good  shale;  (2)  that  the  quantity  of  interbedded  sand- 
stone layers  varies  from  point  to  point;  (3)  that  different  beds 
of  the  shale  vary  in  their  refractoriness,  the  fusion  point  of  differ- 
ent ones  ranging  from  1190°C  to  1430°C;  (4)  that  they  are  usually 
red  burning.  This  is  an  important  shale  formation,  and  it  carries 
material  suitable  for  making  common  or  pressed  brick,  fire  proof- 
ing and  in  some  cases  even  sewer  pipes.  Before  a  plant  is  erected 
however,  the  property  should  be  carefully  prospected  and  the 
material  properly  listed.  Several  plants  near  Calgary  and  Sand- 
stone are  using  these  shales. 

Mountain  Region. 

This  includes  the  region  bordered  on  the  east  by  the  Great 
Plains,  and  on  the  west  by  the  Coast  range,  and  does  not  contain 
such  extensive  clay  resources  as  the  Great  Plains  area. 
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Shales  of  suitable  character  for  the  manufacture  of  clay 
products  are  rare,  either  because  the  deposits  of  argillaceous 
material  are  too  siliceous,  or  else  because  they  have  been  meta- 
morphosed to  a  slaty  or  schistose  condition.  There  are  several 
localities,  however,  in  which  promising  shale  beds  are  known. 

Beginning  at  the  north  shale  beds  are  found  associated 
with  the  Cretaceous  coals  in  Jasper  Park,  which  may  prove 
useful  for  brick  manufacture.  Along  the  main  line  of  the  Cana- 
dian Pacific  at  Canmore  and  Bankhead  (near  Banff)  there  are 
shale  beds  with  the  coal,  but  they  are  too  sandy  and  coaly  in  their 
character.  In  the  Crowsnest  Pass,  shales  are  found  in  the  Benton 
near  Blairmore  which  can  be  employed  for  dry  pressed  brick. 
Others  found  near  Sentinel  can  be  used  for  sewer  pipe  manu- 
facture, if  mixed  with  a  little  more  plastic  material.  Southeast 
of  Blairmore,  on  the  South  Fork,  other  Benton  shales  are  known, 
which  if  present  in  sufficient  abundance  are  worth  utilizing  for 
pressed  brick.  The  material  occurs  as  thin  (4-6  ft.)  beds  in  carbon- 
aceous shales  and  would  have  to  be  mined  by  drifts  and  tunnels. 

The  shales  around  Fernie  have  not  proved  of  value,  but  prom- 
ising ones  are  known  in  branches  of  the  Elk  river  about  32  miles 
north  of  New  Michel.  At  present  there  is  no  railway  communica- 
tion with  this  locality. 

Some  in  the  Princeton  coal  basin,  are  of  possible  value  for 
making  second  grade  fire  brick. 

In  the  Nicola  valley,  there  are  shales  associated  w^ith  some 
of  the  coal  beds,  that  could  be  utilized  for  brick  and  fire  proofing. 

So  far  as  the  work  has  progressed  no  real  fire  clays  have  been 
found  in  the  mountains  of  southern  British  Columbia,  except 
the  second  grade  material  in  the  coal  measures  at  Coalmont. 
There  are  some  sandstones  found  in  the  coal  measures,  which  are 
refractory,  and  which  with  the  addition  of  a  little  plastic 
clay  could  be  molded  into  fine  brick.  The  sandstones  could  be 
classed  as  ganister  rock. 

Of  the  surface  clays  there  are  a  large  number  of  small  depos- 
its, that  could  be  employed  in  common  brick  manufacture. 
One  of  the  most  extensive  is  that  found  in  the  Nicola  valley, 
between  Merritt  and  Nicola,  which  is  adapted  to  brick  and  tile 
making. 
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Other  less  extensive  deposits  occur  near  Kamloops,  Crest- 
on,  in  the  Okanagan  valley,  etc. 

The  most  remarkable  surface  clay  however  is  the  vast  silt 
deposit  found  in  the  upper  Columbia  valley,  which  forms  ex- 
tensive bluffs  along  Lake  Windemere.  This  is  a  very  calcareous, 
fine  grained  silt,  and  the  only  use  suggested  for  it  is  the  manu- 
facture of  scouring  brick.     It  works  well  for  this  purpose. 

Pacific  Coast  Region. 

This  includes  the  territory  lying  west  of  the  Coast  range, 
and  while  limited  in  the  extent  of  its  clay  resources,  contains 
a  considerable  variety  of  plastic  materials.  These  may  be 
grouped  under  the  following  heads: — 

1.  The  shale  deposits  of  Sumas  mountain;  forming  an  im- 
portant series  of  varying  character,  adapted  to  the  manufacture 
of  pressed  and  paving  brick,  fire  brick,  fire  proofing,  sewer  pipe 
and  roofing  tile.  There  is  no  other  locality  thus  far  discovered 
in  Canada  which  contains  such  a  variety  of  materials.  Two  fac- 
tories are  using  the  shales  at  the  present  time. 

2.  Plastic  surface  clays  of  the  lower  Fraser  valley  which  are 
red-burning  clays,  and  form  the  basis  of  a  thriving  brick  and  tile 
industry.  They  are  worked  at  New  Westminster,  Port  Haney, 
Ruskin,  etc. 

3.  The  Northumberland  shales  of  the  Cretaceous  formation 
on  Vancouver  Islarld,  representing  in  general,  hard  and  often 
gritty  shales,  which  are  red  burning,  but  do  not  possess  much 
plasticity.  With  proper  care  they  can  be  made  into  bricks,  but 
have  to  be  finely  ground  in  order  to  develop  enough  plasticity 
for  moljding. 

4.  Glacial  clays  on  southern  Vancouver  Island  and  some  of 
the  smaller  islands  between  Vancouver  Island  and  the  mainland; 
these  are  red-burning  and  are  utilized  for  common  and  pressed 
brick. 

5.  Residual  fire  clay,  found  near  Kyuquot  or  northwestern 
Vancouver  Island. 
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6.  Deposits  of  glacial  clay  scattered  along  the  coast,  and 
which  could  be  worked  later  to  supply  the  Prince  Rupert  market. 

Conclusions. 

After  having  covered  most  of  the  accessible  portion  of  the 
territory  of  the  western  provinces,  it  is  safe,  I  think,  to  say  that 
the  different  formations  mentioned  carry  a  variety  of  clay 
resources  which  it  will  pay  to  develop. 


THE  RICE  LAKE  GOLD   DISTRICT  OF  MANITOBA* 

By  R.  C.  Wallace,  Winnipeg,  Man. 

{Annual  3 feeling;   Ollaiua,   /g/j) 

The  province  of  Manitoba  hitherto  has  not  attracted  much 
attention  in  mining  circles.  With  the  exception  of  an  iron  depos- 
it of  some  value,  its  known  minerals,  though  exceedingly  import- 
ant for  structural  purposes  as  the  country  develops,  were  of 
too  prosaic  a  character  to  excite  more  than  a  passing  interest. 
Quite  apart,  however,  from  any  consideration  of  the  great  north- 
ern territory  which  now  forms  a  part  of  the  province,  the  events 
of  the  past  few  years  have  shown  that  the  Keewatin  and  Huronian 
inliers  in  the  southern  part  of  the  province  as  now  constituted 
are  not  yet  by  any  means  fully  prospected.  One  of  these 
Keewatin  areas,  a  western  extension  of  the  Lake  of  the  Woods 
gold  region,  has  now  practically  reached  the  producing  stage; 
another,  lying  east  of  the  southern  part  of  Lake  Winnipeg, 
forms  the  subject  of  the  present  paper.  A  band  of  rocks  which 
was  described — in  accordance  with  the  terminology  of  that  time 
— as  Huronian,  was  traced  by  Tyrrell  along  the  valley  of  the 
Hole  river  in  1891,  for  a  distance  of  over  20  miles  inland,  and 
the  mapping  was  not  pursued  further.  The  activities  of  prospect- 
ors within  the  past  two  years  in  a  district  still  further  inland 
were  of  sufficient  interest  to  justify  a  reconnaissance  investiga- 
tion of  the  whole  area  by  the  Geological  Survey;  and  a  detailed 
report,  to  accompany  the  map  of  the  area  including  the  Hole 
river,  Bad  Throat  river,  and  Bird  river,  is  in  course  of  prepara- 
tion by  Dr.  E.  S.  Moore.  In  the  present  paper,  presented  by 
courtesy  of  the  Director  of  the  Survey,  the  writer  will  confine 
himself  to  a  general  description  of  the  geology  of  the  area;  to 
discussing  one  or  two  points  of  wider  interest  arising  therefrom ; 
and  to  a  statement  of  the  present  position  and  future  outlook 
of  one  district  in  particular  from  the  economic  standpoint. 


*  Published  by  permission'  of  the   Director  of  the  Canadian  Geological 
Survej'. 
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The  Geological  Relationships. 

Following  the  valley  of  the  Hole  river  eastwards,  and  sw'ng- 
ing  into  the  valley  of  the  Bad  Throat  river,  there  lies  a  band  of 
Keewatin  and  Lower  Huronian  rocks.  The  direction  of  this  band 
and  the  strike  of  the  rock,  is  in  the  Hole  river  valley  105°-115°, 
while  in  the  eastward  extension  of  the  Bad  Throat  basin  there 
is  a  more  southerly  trend,  with  a  strike  of  120°-130°.  The 
band  has  a  known  linear  extension  of  over  80  miles,  with  a  width 
varying  from  probably  3  to  12  miles,  the  greatest  width  occurring 
between  the  headwaters  of  the  Hole  river  and  the  basin  of  the 
Bad  Throat  to  the  south.  Further  eastward,  where  the  head- 
waters of  the  Bad  Throat  river  are,  literally  speaking,  almost 
cut  across  by  the  Bird  river,  the  band  is  very  much  narrower. 
Its  eastward  extension  has  not  been  mapped  beyond  the  Bird 
river. 

Although  the  general  evidences  of  the  dips  would  point  to 
a  single  steep  anticlinal  fold,  repeated  folding  is  undoubtedly 
represented  in  this  belt.  Lower  Huronian  sediments  have  been 
folded  in  with  the  Keewatin  eruptives,  and  form  a  central  belt 
which,  though  subordinate  to  the  Keewatin  in  the  basin  of  the 
Hole  River,  increases  in  relative  importance  eastwards,  and 
where  the  complex  crosses  the  Bird  River,  it  consists  almost 
entirely  of  Huronian  sediments. 

The  Keewatin  eruptives  of  this  area  are  noteworthy  in  that 
the  more  basic  phases,  elsewhere  so  pronounced,  are  here  very 
imperfectly  represented.  The  rocks  are  either  acid  quartz-por- 
phyries or  intermediate  feldspar-porphyries  very  poor  in  quartz 
(with  fine-grained  felsitic  equivalents),  the  phenocrysts  being 
very  markedly  drawn  out  in  the  direction  of  shearing.  The  orig- 
inal rock  had,  however,  shown  no  orientation  of  the  phenocrysts 
along  lines  of  flow.  Along  the  northern  contact  of  the  belt 
with  the  granite  only  occasional  massive  epidiorites  and  green 
schists  are  found,  except  on  the  headwaters  of  the  Hole  river, 
where  basic  eruptives  appear  and  the  granite  shows  at  the  contact 
differentiation  into  a  diorite,  owing  most  probably  to  absorption 
of  a  basic  phase  of  the  Keewatin.     Elsewhere  the  granite  has 
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intruded  into  a  quartz  or  a  feldspar  porphyry.  It  is  an  interest- 
ing point,  however,  that  the  feldspar  porphyry  which  is  the  domin- 
ant rock  in  the  Keewatin  in  this  area,  and  in  which  the  quartz 
veins  as  a  rule  lie,  is  even  in  its  altered  condition  remarkably 
poor  in  quartz,  and  was  originally  a  plagioclase  feldspar  rock 
probably  to  be  classified  among  the  trachytes.  A  hardened 
felsitic  rock  found  in  association  with  the  porphyry  on  its  south 
side  is  a  meta-igneous,  fine-grained  felspathic  rock,  also  low 
in  quartz.  It  may  be  that  in  certain  areas  an  intermediate  type 
of  lava  assumed  greater  prominence  in  Keewatin  times  than  the 
basic  and  acid  succession  so  generally  found  elsewhere. 

Folded  in  with  these  eruptives  lies  a  conglomerate  in  which 
the  pebbles  are  acid  granites,  squeezed  porphyries,  and  hardened 
felsites.  Following  the  stratigraphy  generally  adopted,  one  must 
place  this  at  the  base  of  the  Huronian.  The  conglomerate  is 
very  closely  associated  with,  and  very  probably  grades  up  into, 
a  meta-sedimentary  rock  which  might  best  be  classed  as  a  squeezed 
graywacke,  and  which  is  very  similar  in  character  to  the  matrix 
of  the  conglomerate.  Arkoses  and  types  which  are  the  altered 
equivalents  of  ferruginous  sandstones  are  also  found  in  close  asso- 
ciation. The  band  of  conglomerate  and  graywacke  widens  some- 
what eastwards,  but  this  may  be  due  to  a  slight  flattening  of  the 
folding  at  this  end  of  the  band.  A  very  interesting,  though 
somewhat  puzzling  feature  is  the  occurrence  of  a  narrow  band  of 
iron  formation  in  the  most  intimate  association  with  the  conglom- 
erate. This  formation  shows  the  typical  banding  of  jasper, 
lean  magnetites,  slate  and  graywacke,  so  frequently  described 
elsewhere,  here  also  associated  with  bands  of  arkose.  The  west- 
ward extension  of  this  formation  would  seem  to  be  an  interbanded 
chert  and  schist,  pyritiferous,  but  containing  no  iron  oxide; 
while  eastwards  the  formation  becomes  lost  in  the  conglomerate. 
Although  a  few  jasper  pebbles  have  been  found  in  the  conglom- 
erate, the  inclusion  of  narrow  bands  of  the  iron  formation  in 
comparatively  large  areas  of  the  conglomerate  in  such  a  way  as 
to  preclude  the  idea  that  they  are  squeezed  out  boulders,  places 
the  iron  formation  as  being,  in  all  probability,  younger  than  the 
conglomerate.  It  may  here  occupy  a  position  in  the  Lower 
Huronian  similar  to  that  held  by  the  lean  Agawa  formation  in  the 
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Vermilion  district;  and  the  few  pebbles  of  jasper  in  the  con- 
glomerate may  be  referable  to  a  very  imperfect  Keewatin  for- 
mation which  has  seemingly  left  no  other  traces  behind. 

Probably  the  most  interesting  relationship  from  the  geolog- 
ical, as  well  as  the  economic,  standpoint,  lies  in  the  contact  fea- 
tures of  the  granites  with  these  formations.  The  ordinan,'  intru- 
sive contact  between  the  granite  and  the  Keewatin  found  else- 
where is  repeated  here,  with  differences  frequently  in  detail 
owing  to  the  less  basic  character  of  the  Keewatin ;  and  the  appear- 
ance of  blue  quartz  in  the  quartz  porphyries  is  a  reliable  indication 
of  the  proximity  to  contact.  But  wherever  the  Huronian  con- 
glomerates and  gra>'wackes  come  into  immediate  contact  with 
the  granites,  not  only  on  the  north  and  south  side  of  the  eastern 
extension  of  the  belt,  but  also  on  the  lower  reaches  of  the  Bird 
River  and  the  shores  of  Lac  du  Bonnet  some  40  miles  to  the  south 
west,  granites  are  also  intrusive  in  the  Huronian.  This  is  not 
the  place  to  enter  into  a  detailed  discussion  on  the  petrological 
relationships  of  the  various  crops  that  together  constitute  the 
plutonic  complex,  and  not  all  of  which  cut  the  conglomerate; 
they  are  grey  hornblende  and  biotite  gneisses,  much  epidotised; 
red  and  sometimes  grey  pegmatites;  and  mica  schists  undoubtedly 
mainly  meta-igneous,  but  often  at  the  contact  remarkably  similar 
to  Lawsons'  Couchiching.  When  more  detailed  work  is  done  on 
the  mapping  of  the  acid  intrusives  of  this  and  other  districts 
it  may  be  found  that  the  Laurentian  in  the  sense  of  pre-Huronian 
plutonics  occupies — in  some  areas,  at  any  rate, — a  very  un- 
important place.  It  is  notoriously  unsafe  to  reason  from  analogy 
in  the  case  of  igneous  formations  widely  separated  geographically; 
but  the  striking  similarity  of  the  fundamental  complex  of  the 
Scottish  Highlands  to  the  Keewatin-Laurentian  complex  of 
North  America  would  give  some  justification  for  a  further 
comparison.  The  great  eastern  or  Moine  schists  have  not  yet 
been  correlated  with  the  western  Torridonian  sandstones,  and 
may  date  from  an  earlier  period — in  which  event  thay  would  be 
taken  as  the  nearest  relative  among  the  Scottish  pre-Cambrian 
rocks  to  the  Huronian  in  this  continent.  It  is  interesting  to 
note  that  the  Moine  schists  were  everywhere  penetrated, 
before  their  folding,  by  plutonic  masses,  ranging  from  acid  to 
basic;  but  among  these  the  acid  rocks  always  predominate. 
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During  the  past  two  years  prospecting  has  been  actively  pros- 
ecuted across  the  Keewatin-Huronian  belt  in  the  neighbour- 
hood of  a  chain  of  lakes  which  afford  an  easy  crossing  from  the 
Bad  Throat  to  the  Hole  river.  This  chain  follows  a  line  north- 
eastward from  Turtle  lake  on  the  Bad  Throat,  and  consists 
of  Trout  lake,  Elbow  lake.  Red  Rice  lake,  and  Rice  (or  Big 
Rice)  lake,  distant  over  30  miles  from  where  the  rivers  empty 
into  Lake  Winnipeg.  The  belt  here  measures  about  7  miles 
from  side  to  side  across  the  strike,  and  the  Huronian  occurs  as 
a  narrow  band  of  arkose  and  hardened  ferruginous  sandstones 
(probably  a  mile  across)  in  the  middle  of  the  belt,  cutting  through 
the  Rice  lake  basin.  The  quartz  veins  lie  in  the  feldspar  and 
quartz  porphyries  north  and  south  of  the  Huronian  sediments. 
Although  occasional  veins  are  found  cutting  across  the  strike 
of  the  eruptives  at  high  angles,  the  majority  follow  the  strike, 
or  make  an  angle  of  10  or  less  with  it.  They  have  in 
places  been  pulled  out  into  lens-shaped  masses,  and  show  con- 
siderable brecciation,  with  inclusions  of  country  rock  in  the 
vein  body.  Owing  to  the  intimate  infolding  of  the  Huronian 
with  the  Keewatin,  it  is  a  matter  of  difficulty  to  specify  with  cer- 
tainty the  age  of  the  veins  and  of  the'r  mineralization.  From  a 
comparison  of  the  regional  metamorphism  of  the  veins  with  that 
which  the  country  rock  has  suffered,  and  of  the  character  of 
the  vein-stuff  with  that  of  the  pegmatitic  veins  which  transgress 
the  Huronian  in  the  Bird  river  district,  one  may  place  the  age 
of  the  gold  bearing  veins  at  a  late  period  of  the  deformation  of 
the  Keewatin  by  the  intruding  Laurentian.  It  may  be  however, 
that  a  certain  amount  of  brecciation  and  mineralization  has  taken 
place  at  a  subsequent  period  whdn  the  Huronian  was  penetrated 
by  the  later  eruptives  and  general  infolding  took  place. 

The  quartz  carries  pyrites,  occasionally  chalcopyrite,  and 
siderite.  Copper  minerals  are  rather  uncommon  in  this  particu- 
lar district,  though  further  east — north  of  the  Long  lake  expansion 
of  the  Bad  Throat  river — bornite,  azurite  and  chalcopyrite  are 
found  plentifully  in  veins  which  lie  practically  at  the  contact  of 
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the  porphyry  with  the  granite;  while  further  west  at  the  mouth 
of  the  Hole  river  some  development  work  in  veins  carrying 
chalcopyrite  and  malachite  was  carried  on  many  years  ago. 
The  gold  has  been  deposited  on  the  pyrites,  or  free  in  the  quartz 
either  finely  disseminated  or  occasionally  in  fair  showings. 
Although  some  oxidation,  and  probably  residual  concentration, 
has  taken  place  on  the  surface  zone,  the  mineralization  appears 
to  be  priman>^,  and  secondary  enrichment  has  probably  not  other 
wise  reassorted  the  values  in  the  vein  body  to  any  great  extent. 

The  first  claim  was  staked  on  the  north  shore  of  Rice  lake 
and  prospecting  was  confined  to  that  particular  locality  till  last 
summer,  when  a  good  deal  of  staking  was  done  at  the  contact 
of  the  granite  with  the  quartz  porphyry  north  of  Hole  river, 
and  more  recently  south  of  the  Huronian  belt,  westwards  from 
Elbow  lake.  The  veins  on  which  staking  has  been  done  vary 
from  mere  stringers  to  reefs  15-20  feet  wide,  and  occasionally 
still  wider.  Sinking  has  not  yet  reached  a  depth  of  more  than  30 
feet  on  any  property,  and  practically  all  the  sampling  has  been 
done  from  surface  quartz.  It  is  obvious  that  no  satisfactory 
estimate  of  the  situation  can  be  made  till  a  few  representative 
properties  have  had  systematic  development  work  done  on  them, 
and  some  idea  of  the  variation  of  the  values  with  the  depth  is 
obtained ;  and  it  is  gratifying  to  know  that  at  any  rate  one  prop- 
erty will  be  subjected  to  a  thorough  investigation  in  the  near 
future.  The  fact  that  the  Keewatin-Huronian  band  is  here  com- 
paratively narrow  across  the  strike,  and  that  regional  metamor- 
phism  has  rendered  the  veins  more  or  less  lenticular,  makes  it 
especially  important  that  the  vertical  continuation  of  the  veins 
should  be  thoroughly  studied.  Recent  prospecting  has  shown 
that  the  linear  extension  of  some  of  the  veins  is  considerably 
greater  than  w^as  at  first  supposed  to  be  the  case ;  and  high  values 
from  many  isolated  surface  samples,  both  south  and  north  of 
the  Huronian  band,  are  promising  as  indicating  the  presence  of 
very  finely  disseminated  free  gold  in  the  quartz  over  rather 
wide  areas;  but  here  again  it  has  to  be  said  that  in  only  one  or 
two  cases  has  a  thorough  sampling,  even  of  the  oxidized  surface 
material,  been  carried  out.     The  present  indications  are  such 
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that  one  is  justified  in  feeling  that  money  judiciously  spent 
in  development  work  on  a  few  of  the  properties  would  be  thor- 
oughly well  applied,  and  would  give  at  any  rate  some  clue  as  to 
the  prospects  of  the  district  as  a  whole. 

Outside  the  district  in  question,  prospecting  will  probably 
be  most  successfully  prosecuted  in  the  area  of  basic  eruptives 
on  the  headwaters  of  the  Hole  river  (south  branch)  and  on  the 
porphyries  of  the  Long  lake  district  on  the  Bad  Throat  river. 


THE  GEOLOGIST 
By  H.  E.  T.  Haultain,  Toronto,  Ont. 

{Annual  Meeting,   Ottawa,  1913) 

For  the  sixth  year  in  succession  the  president  of  the  Cana- 
dian Mining  Institute  is  a  geologist.  Ontario  has  its  Provincial 
Geologist  and  British  Columbia  its  Provincial  Mineralogist,  and 
the  Dominion  its  Geological  Survey.  These  are  all  of  importance 
to  the  community.  The  standing  of  the  geologist  in  all  branches 
of  his  activities,  and  they  are  varied,  is  taken  as  a  matter  of 
course.  In  a  public  way  it  is  neither  questioned  nor  criticised. 
So  quietly  and  universally  is  this  the  case  in  Canada  that  the 
half  brick  that  the  spur  of  the  moment  caused  me  to  throw  at 
the  action  of  certain  geologists  last  March  (1912)  had  all  the 
appearance  of  a  bomb-shell.  Judging  from  the  many  comments 
during  the  past  year  it  must  have  shattered  into  its  original 
grains  of  sand  and  these  must  have  found  lodgement  in  many 
tender  spots  wide  of  the  original  line  of  aim.  But  though  my 
brick  was  fashioned  on  the  spur  of  the  moment  (and  hence  lacked 
sufficient  coherence)  it  represented  a  feeling  that  has  been 
growing  and  is  sane  and  sound. 

The  geologists  are  a  large  group  and  count  among  their 
numbers  men  eminent  in  the  community.  Their  general  average 
is  high.  They  touch  on  the  one  hand  ultra-academic  learning 
and  on  the  other  the  popular  progress  of  the  country.  Owing  to 
their  special  field  of  research  they  are  segregated.  They  are 
more  or  less  separated  by  gulfs  from  other  scientific  men  and  are 
in  a  position  to  present  a  united  front,  which  in  itself  is  sufficient 
to  deflect  criticism  or  attack.  But  in  addition  they  are  surround- 
ed, they  surround  themselves  individually  and  collectively,  by 
one  of  the  finest  assets  of  defence,  a  well  carried  dignity.  Fur- 
thermore they  are  coming  this  summer  to  this  country  from 

all  over  the  world  and  to  a  very  large  part  of  the  community 
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etc.,  and  hours  must  then  be  spent  in  preparation.  Efficiency- 
can  only  be  obtained  by  thoroughly  maintained  organization 
and  frequent  inspection. 

In  case  of  an  explosion  or  mine  fire,  the  rescue  corps  should 
be  assembled  as  close  to  their  work  as  possible,  in  the  fresh  air, 
and  out  of  the  path  of  a  possible  explosion.  All  their  apparatus, 
reserve  supplies,  pulmotors,  stretchers,  and  first-aid  material 
should  be  taken  to  this  base  and  if  possible  telephone  communica- 
tion should  be  established  with  the  office  and  main  building. 

The  advance  force,  consisting  of  three  men  in  command 
of  a  captain,  fully  equipped  for  two  hours  work,  should  be  des- 
patched on  reconnoitering  work  as  soon  as  practicable,  and  if  it 
is  thought  any  men  are  alive  in  the  mine  the  advance  crew  should 
be  provided  with  half-hour  rescue  apparatus  for  the  entombed 
men  to  wear  in  making  their  escape.  It  is  important  that  in  the 
first  two  hours  every  effort  should  be  made  to  enter  the  mine, 
for  it  has  been  found  that  there  are  good  chances  for  the  resuscita- 
tion of  those  who  have  been  subjected  to  after-damp  for  two  hours 
only;  but  that  after  that  time,  if  the  after-damp  has  filled  the 
whole  mine,  there  is  very  little  chance  to  save  life;  and  the  work 
then  should  be  confined  to  getting  the  ventilation  established, 
to  extinguishing  fires,  and  to  building  stoppings.  Meanwhile 
the  balance  of  the  crew  should  busy  themselves  in  getting  the 
base  established,  reserve  supplies  in  order,  and,  if  the  mine  has 
a  telephone  system,  they  should  assist  in  restoring  communication 
with  the  faces.  One  man  should  be  left  in  charge  of  the  supply 
base  at  all  times,  to  see  that  there  is  no  interference  with  the  appar- 
atus and  supplies.  The  reserve  force  should  be  ready  to  go  to 
the  relief  or  assistance  of  the  reconnoitering  party,  to  take  up 
the  work  where  it  was  left  off.  If  the  mine  is  a  large  one,  the 
base  should  be  advanced  as  rapidly  as  possible,  so  as  to  save 
time  in  travelling.  Hot  coffee  and  sandwiches  should  be  kept 
at  the  base  for  the  refreshment  of  the  crews.  Alcoholic  stimul- 
ants should  not,  under  any  circumstances,  be  used  by  men  wearing 
breathing  apparatus. 

The  United  States  Government,  the  State  of  Washington, 
and  the  Washington  coal-mine  operators  early  took  up  mine- 
rescue  training  work.     Plans  for  a  station  were  made  in  the  fall 
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of  1909,  and  the  station  at  the  University  of  Washington  campus, 
Seattle,  was  completed  for  work  in  the  spring  of  1910  by  the  state 
mine  inspector,  Mr.  D.  C.  Dotting.  A  government  engineer 
and  assistant  were  placed  in  charge.  The  work  has  since  been 
hampered  to  a  certain  extent  by  lack  of  funds,  but  valuable 
results  have  been  accomplished.  One  hundred  and  seventy  men 
have  received  training  in  rescue  work  and  first-aid,  and  have 
been  granted  certificates.  Sixty-six  men  have  received  training 
in  first-aid  work  only,  while  "Government  car  No.  5"  has  trained 
forty- four  men,  giving  the  State  of  Washington  two  hundred  and 
fourteen  trained  men  holding  government  certificates.  The 
mine  operators  have  purchased  thirty-six  instruments  which  are 
placed  at  ten  of  the  mines  where  training  is  maintained. 

At  the  present  session  of  the  state  legislature  a  bill  has  been 
introduced  to  regulate  the  use  of  rescue  equipment.  It  provides, 
in  part,  "That  three  sets  of  apparatus  shall  be  maintained  at  each 
mine  and  one  additional  instrument  for  each  one  hundred  men 
employed  until  there  shall  be  five  sets,  and  that  five  per  cent, 
of  the  men  shall  be  trained  in  the  use  of  the  apparatus."  It 
further  provides  for  a  compulsory  training  in  first-aid  of  five  per 
cent,  of  the  miners. 

FiRST-AiD  Work. 

There  has  been  much  needless  sacrifice  of  life  and  of  perman- 
ent maiming  of  miners  as  a  result  of  ignorance  of  first-aid  treat- 
ment of  the  injured.  The  training  of  men  in  "first-aid "  has  done 
much  to  improve  the  situation  in  this  regard. 

At  Roslyn,  we  have  equipped  our  men  with  first-aid  packets, 
and  our  mines  with  first-aid  boxes,  military  stretchers,  and  heavy 
warm  blankets,  which  are  packed  in  water  tight  galvanized  iron 
cases.  We  have  found  that  "first-aid"  and  "rescue-work" 
go  hand  in  hand.  The  former  furnishes  a  very  attractive  and 
instructive  study,  making  the  rescue  work  more  interesting  and 
lightening  the  drudgery  of  training.  We  have  eight  corps, 
or,  in  all  about  one  hundred  men  fully  trained  in  first-aid  and 
rescue  work;  sixty-nine  of  this  number  hold  either  toreman, 
fire  boss,  Draeger  or  Red  Cross  certificates. 
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yet  be  a  very  poor  judge  of  a  man.  The  botanist  plays  a  small 
part  in  our  lumbering  interests.  Our  chemists  and  druggists  are 
not  physicians.  Bacteriologists  do  not  report  on  sewage  disposal, 
and  our  physicists  with  all  their  profound  knowledge  of  gases 
neither  design  gas  engines  nor  become  aeroplanists.  In  fact, 
such  is  generally  the  case.  The  point  of  view  is  so  different 
that  the  man  who  is  keen  on  the  scientific  side  is  handicapped 
if  he  enter  the  commercial  side. 

A  geologist  cannot  become  a  mining  engineer,  cannot  be- 
come the  right  man  to  report  on  a  commercial  proposition  (that 
is  to  estimate  a  risk)  without  a  special  and  lengthy  training 
which  he  can  get  only  in  actual  mining  operations.  A  geologist  can 
no  more  become  a  mining  engineer  by  simply  saying  so  than  can 
a  new  graduate  of  a  mining  course  in  a  University.  Each  has  a 
good  training  enabling  him  to  become  a  mining  engineer  through 
experience,  but  of  the  two  the  new  graduate  is  nearer  the  goal  on 
account  of  his  flexibility  and  on  account  of  his  broader  per- 
spective. 

Some  geologists  do  become  mining  engineers;  we  have 
notable  examples;  but  it  is  by  means  of  experience  in  actual 
operations. 

On  the  other  hand  mining  engineers  must  have  considerable 
geological  knowledge;  their  paleontology  may  be  weak  or  prac- 
tically non-existent  and  their  optical  crystallegraphy  likewise, 
but  their  working  knowledge  of  ore  deposits  is  not  only  general 
and  broad  but  of  useful  phases  it  will  be  detailed  and  intimate. 

The  average  mining  engineer  knows  much  more  about  ore 
deposits  than  the  average  geologist  and  what  is  very  much  more 
important  his  point  of  view  is  quite  different.  Two  Porcupine 
veins  may  have  a  similar  life  story  and  be  each  of  intense  interest 
to  the  geologist  and  may  be  the  subject  of  unending  dissertations, 
but  one  may  be  very  valuable  commercially  and  the  other 
worthless  without  in  any  way  affecting  the  interest  of  the  geo- 
logist. Speaking  broadly  the  quartz  is  the  main  source  of  inter- 
est to  the  geologist,  the  gold  to  the  engineer.  There  are  those, 
however,  who  like  to  say  that  because  the  engineer's  eye  is  on 
the  gold  he  sees  nothing  else  unless  a  geologist  comes  along  and 
interprets  things  for  him. 
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For  the  engineer  there  are  many  basic  sciences;  geology  is 
only  one  of  them.  Mathematics  is  as  much  a  basic  science. 
Mining  engineering  without  geology  is  impossible:  it  is  also  im- 
possible without  mathematics;  but  the  mathematician  is  no  more 
a  financier  than  the  geologist  is  a  mining  engineer.  It  is  the 
function  of  the  engineer  to  co-ordinate  the  sciences  to  a  definite 
end.  The  mining  engineer  estimates  risks  and  to  do  this  he  must 
balance  up  many  things  of  which  geology  is  only  one.  The 
mining  engineer  gets  results  which  call  for  co-ordination  of 
knowledge  of  different  branches  of  sciences,  and  calls  for  com- 
promise. 

To  question  the  value  or  importance  of  geology  to  mining 
would  be  foolishness  of  a  very  inane  kind.  It  would  be  fully  as 
foolish  as  to  question  the  value  of  arithmetic;  but  much  geology 
has  as  little  to  do  with  mining  as  have  quaternians. 

To  our  more  important  geologists  this  is  obvious,  but  there 
are  those  who  would  foster  the  other  idea  and  there  is  indeed 
abroad  in  Canada  a  false  idea  of  the  real  importance  of  geology  to 
mining. 

The  mining  engineer  needs  the  geologist.  He  appreciates 
the  geologist  and  his  stories  better  than  can  anybody  else  and  he 
can  make  more  real  use  of  the  geologists'  knowledge  than  can 
anybody  else.  The  geologist  has  the  time  and  opportunity  and 
the  conditions  that  permit  him  to  study  geological  problems  as 
pure  scientific  problems.  He  can  stop  and  carefully  study  the 
effect  of  varying  conditions  of  high  temperature,  of  chemical 
reaction,  of  time,  of  capillarity,  of  osmosis,  and  of  many  other 
more  or  less  obscure  conditions;  and  with  his  study  he  can  often 
tell  us  with  rough  accuracy  the  life  history  of  some  of  our  ore 
bodies,  he  can  in  truth  be  an  authority  "on  an  almost  absolutely 
unknown  region."  What  really  magnificent  stories  the  geologist 
has  told  and  can  tell  the  mining  engineer.  Has  any  engineer 
ever  been  told  a  more  beautiful  story  than  that  of  magmatic 
segregation  or  of  metasomatic  replacement,  and  is  not  the  whole 
subject  of  magmatic  waters  magnificent  inspiration  to  thought 
and  spur  to  greater  study?  But  some  geologists  are  about  to 
forget  that  this  is  only  a  part.  They  are  inclined  to  think  that 
the  life  story  of  an  ore  body  is  everything  or  nearly  everything. 
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whereas  the  engineer  recognizes  that  it  is  only  a  part  and  often  a 
very  insignificant  part  of  what  is  really  required ;  for  often  it  helps 
him  no  more  in  relation  to  his  desired  result  than  does  his  mathe- 
matics or  his  physics.  Many  geologists  are  apt  to  forget  that 
all  that  is  known  under  the  headings  of  geo-chemistry  and  geo- 
physics do  not  but  touch  matters  of  vital  importance  to  the  engineer. 
There  are  generally  other  causes  and  facts  of  much  greater  im- 
portance to  the  engineer  and  to  the  community.  There  are 
causes  and  effects  not  yet  classified,  with  only  a  generic  name 
and  that  probably  a  false  one.  The  causes  governing  the  most 
important  features  of  an  ore  body  are  causes  not  required,  not 
considered,  not  included  in  the  stories  of  the  geologist,  but  to  the 
engineer  they  are  paramount.  They  are  the  causes  known  as 
chance.  That  the  source  of  a  river  is  higher  than  its  mouth  is  due 
to  the  very  well  studied  laws  of  gravity ;  but  the  twists  and  turns 
of  the  river,  its  falls  and  its  navigability  are  the  results  of  chance. 
An  ore  body  may  clearly  be  the  result  of  magmatic  waters,  but 
whether  a  particular  part  will  carry  $2  or  S20  worth  of  mineral 
is  a  matter  of  chance,  a  matter  of  so  many  varying  causes  that 
no  geology  can  follow  them. 

Once  in  a  while  geology  can  give  us  very  definite  information, 
not  on  the  varying  values  but  on  the  limitations  of  extensions  of 
our  ore  body. 

In  general  the  training  of  the  geologist,  dealing  as  it  does 
with  broad  generalities,  with  life-histories,  with  generalizations 
rather  than  with  any  detached  facts,  gives  him  a  perspective  that 
is  a  serious  obstacle  when  he  tries  his  hand  at  estimating  the  com- 
mercial risks  of  ore  bodies.  It  is  not  profitable  though  it  would 
be  easy  to  be  specific  here.  Many  of  us  carry  in  memory  and 
some  of  us  on  our  files,  examples  of  this  kind  of  thing. 

But  enough.  The  work  of  the  geologist  is  of  certain  value  to 
the  mining  engineer,  but  as  far  as  mining  and  the  estimation  of 
mining  risks  is  concerned  the  work  of  the  geologist  is  for  the 
engineer.  The  geologist  is  a  scientific  specialist.  The  engineer 
is  the  co-ordinator.  The  geologist  cannot  become  a  co-ordinator 
without  special  training  which  entails  actual  experience  of  opera- 
tions, and  geology  is  only  one  out  of  many  things  that  the 
engineer  has  to  consider.     It  is  often,  in  metalliferous  mining 
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very  often,  of  a  type  that  the  engineer  takes  in  his  daily  stride  as 
it  were.  This  much  must  be  sufficient  concerning  the  relation  of 
the  geologist  to  the  engineer,  the  discussion  will  I  hope  carry  it 
further. 

There  is  another  phase  upon  which  I  must  touch  and  that  is 
the  relation  of  the  geologist  to  the  community.  Not  only  have 
the  three  last  presidents  of  the  Canadian  Mining  Institute  been 
geologists,  but  the  president  of  the  American  Institute  of  Mining 
Engineers  is  a  geologist;  the  Dean  of  the  Faculty  of  Applied 
Science  of  McGill  University  is  a  geologist,  the  late  renowned 
principal  of  McGill  University  was  a  geologist;  Van  Hise  is 
president  of  the  University  of  Wisconsin  and  Geikie  is  president 
of  the  Royal  Society.  We  find  geologists  holding  important 
public  positions  in  all  parts  of  the  world  and  holding  them  suc- 
cessfully and  with  distinction.  The  geologists  are  an  ancient 
and  honourable  body.  I  can  find  no  reference  of  slur  or  sus- 
picion remaining  attached  to  them.  They  have  been  clean 
and  kindly  men.  Taking  the  geologists  that  I  know  personally  I 
find  them  delightful  men,  agreeable  companions  and  general 
favourites  wherever  they  go.  Of  course  there  is  always  the 
exception  that  proves  the  rule,  but  I  believe  all  will  agree  with 
me  that  in  general  pleasantness  the  average  of  the  geologists  is 
higher  than  the  average  of  most  of  the  other  groups  of  men  with 
whom  we  come  in  daily  contact.  They  are  not  only  prominent 
in  their  scientific  work  but  they  are  prominent  in  the  community; 
and  the  Canadian  public  at  large  accepts  them  not  only  as  being 
of  great  importance  to  the  state,  scientifically,  but  as  being, 
above  the  average,  good  citizens. 

In  remarkable  contrast  to  these  public  successes  of  the  geo- 
logist, I  find  the  condition  of  the  engineer,  not  only  the  mining 
engineer,  but  the  engineer  in  all  branches.  The  engineer  is 
doing  the  world's  best  work  to-day.  All  that  counts  for  pros- 
perity and  health  and  material  growth  is  based  on  the  work  of  the 
engineer.  All  that  we  are  most  proud  of  in  this  young  nation  is 
dependent  upon  the  work  of  the  engineer.  The  engineer  exists 
in  large  numbers.  Even  in  Ottawa  there  are  more  engineers 
than  geologists.  But  we  find  very  little  public  recognition  of  the 
engineer.     We  seldom  if  ever  find  him  holding  a  public  position 
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of  responsibility  or  honour  outside  of  his  immediate  work. 
We  have  no  engineers  in  Canada  who  are  members  of  the  Royal 
Society;  and  if  we  have  one  who  has  been  knighted  it  is  simply 
the  exception  that  proves  the  rule.  Why?  How  is  it  that  the 
geologists  beat  the  engineers  to  the  high  positions?  Is  it  be- 
cause their  work  is  of  greater  importance  to  the  state?  Is  it 
because  their  work  is  of  a  higher  type?  One  would  think  so 
from  the  results.  Is  it  not  patent?  Is  it  not  obvious?  But 
unfortunately  the  truth  is  not  always  obvious.  Truth  is 
oftener  at  the  bottom  of  the  well  than  prominent  on  the 
horizon.  We  must  carry  our  analysis  further.  I  submit  that 
there  is  another  and  simpler  reason.  When  we  analyse 
the  work  and  effort  of  the  geologist  we  find  it  made  up 
of  two  separate  and  distinct  functions.  The  engineer's  time  and 
efifort  is  devoted  entirely  to  his  engineering  work.  A  part  only 
of  the  geologist's  time  is  devoted  to  the  study  of  geology.  A  large 
part  and  some  times  the  larger  part  is  devoted  to  descriptions  of 
his  work;  to  publicity.  One  of  their  functions  is  that 
of  the  story  teller.  From  the  beginning  of  their  existence  they 
have  been  great  story  tellers.  In  fact,  they  have  been  the 
champion  story  tellers  of  all  time.  Now  there  is  no  doubt  in  my 
mind  that  some  geologists  or  near-geologists  will  consider  that 
this  is  another  half  brick  in  poor  disguise.  But  let  us  see  what  the 
story  teller  has  been  to  the  community.  When  we  go  back  to 
the  beginning  of  things,  that  is  to  the  beginning  of  things  for  man, 
to  about  the  time,  let  us  say,  of  pithecanthropus  erectus,  the 
story  teller  was  beginning.  He  was  almost  the  first  luxury. 
Possibly  man's  first  distinction  was  that  he  was  a  fire-using 
animal.  Certainly  about  the  same  stage  of  his  development 
he  became  a  story  telling  and  story  hearing  animal,  and  the  story 
telling  part  was  certainly  more  removed  from  mere  animal  than 
any  other  phase  of  his  activities.  Progress  in  all  stages  has  been 
based  largely  on  co-operative  organization  and  this  came  first 
with  the  fighting  animal  but  organization  alone  did  not  win  out 
from  the  animal  stage.  Organization  could  and  does  exist 
without  language  and  without  man,  but  we  departed  from  the 
animal  through  language  and  progressed  through  language. 
Language  was  produced  by  and  for  the  story-teller.     For  his 
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purpose  was  language  developed  and  without  language  we  would 
have  had  no  modern  man.  The  neolithic  scriber  on  bone  that 
"mamothistic  etcher  at  Crenelle"  was  a  later  development  of  the 
story  teller,  who  told  stories  in  pictures  and  was  not  only  the 
forerunner  of  the  comic  supplement  but  of  all  that  we  understand 
in  modern  pictorial  art.  Later  he  told  stories  in  song  and  in 
mimicry  so  that  all  our  art,  which  represents  our  greatest  de- 
parture from  the  anthropoid  ape,  is  the  work  of  the  story  teller. 
He  has  been  in  the  vanguard  of  all  progress  since  we  left  the  trees. 

It  is  impossible  to  conceive  of  a  geologist  being  eminent 
without  this  story  telling  function  being  well  developed.  Unlike 
most  story  tellers  he  generally  tells  his  own  story  of  his  own  work. 
He  is  his  own  publicity  agent;  and  w^hat  magnificent  stories  he 
has  been  able  to  unfold.  In  the  2nd  chapter  of  Genesis  and  the 
2nd  verse,  we  are  told  that  God  rested  on  the  seventh  day  and 
for  a  thousand  years  man  has  interrupted  all  his  work  every 
seventh  day  to  signify  his  assent  to  the  six  day  history  of  the 
world's  creation.  The  story  telling  geologist  comes  along  and 
says: — "There  is  a  mistake  somewhere;  it  took  several  million 
years  to  create  this  earth  and  I  can  prove  it,  here  are  the  proofs." 
When'  the  world  had  become  accustomed  to  the  shock  of  this, 
the  geologist's  story  went  on  to  tell  that  man  was  not  created 
on  the  sixth  day  but  that  his  creation  was  a  gradual  development 
occupying  a  period  also  of  millions  of  years  the  records  of  which 
in  an  almost  unbroken  chain,  stretching  from  the  protozoa  to 
modern  man  are  preserved  in  the  everlasting  rocks.  True  some 
links  were  absent,  but  every  now  and  then  the  story  is  added  to 
and  the  Neanderthal  skull  and  our  friend  from  Java,  help  to  fill 
in  the  blanks.  Who  couldn't  attract  attention  and  hold  the 
stage  with  such  stories  as  these?  And  the  geologist  had  many 
such  in  his  bag.  He  shows  us  where  the  moon  was  born.  He 
dissects  the  teeth  of  the  mammoth  who  wandered  in  our  back 
yard  before  the  ice  was  two  miles  thick  upon  it  and  he  counts 
the  nervatures  of  the  wing  of  the  fly  that  plagued  it. 

But  even  the  geologists'  supply  of  stories  could  not  keep 
up  forever  to  these  high  grade  samples  and  as  the  family  of 
geologists  grew  they  had  to  be  content  with  less  and  less  interest- 
ing  stories.     But    stories    they    must    have    to    maintain    their 
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eminence  and  a  story  entails  of  necessity  a  hearer,  a  willing  and 
an  interested  listener.  As  the  quality  of  his  stories  waned  he 
often  had  to  expend  as  much  pains  finding  the  listener  as  in 
finding  the  story;  and  this  led  him  to  the  study  of  the  listener,  to 
the  study  of  man,  his  characteristics,  his  wants,  his  needs,  his 
foibles,  and  his  weaknesses.  He  had  to  make  the  most  of  meagre 
stories;  he  had  to  study  that  phase  of  man  which  brought  him 
listeners.  This  has  been  going  on  for  generations  and  the  methods 
of  the  family  of  geologists  in  finding  hearers  is  as  well  organized 
to-day  as  their  study  of  geology.  Are  not  many  of  them  geo- 
logists in  the  summer  and  writers  of  their  stories  in  the  winter? 

Now  the  story  teller  is  still  the  greatest  man  among  us. 
What  does  Kipling  get  per  word?  And  has  he  not  had  the  refusal 
of  the  high  honours  of  the  realm?  Theodore  Roosevelt  received 
$350,000  for  seven  years'  work  as  President  of  the  United  States 
but  received  a  million  dollars  for  the  story  of  his  African  holiday. 
But  the  geologist's  stock  of  interesting  stories  is  running  low  or 
rather  the  proportion  of  interesting  stories  to  the  number  of 
geologists  is  becoming  small  and  instead  of  a  greedily  paying 
public  he  must  perforce  fall  back  on  government  bluebooks  for 
publication. 

And  how  do  I  interpret  all  this?  I  interpret  it  thuswise: 
The  work  of  the  geologist  is  in  two  parts.  There  is  the  stud\' 
of  geology  to  get  the  story  and  of  man  to  get  a  listener.  The 
engineer  is  so  busy  with  his  own  work  that  he  fails  to  study  man. 
The  geologist  with  his  knowledge  of  man  and  with  his  knowledge 
of  publicity  becomes  useful  to  man  in  other  ways. 

The  search  for  a  listener  has  made  many  a  geologist  a  broader 
and  a  bigger  man  and  his  art  of  story  telling  brings  him  into  the 
public  eye. 

Do  I  begrudge  the  honours  to  the  geologist  who  has  reached 
to  high  positions  through  his  knowledge  of  man?  By  no  manner 
of  means;  I  respect  him;  in  some  cases  I  bow  down  to  him;  but 
let  us  be  honest  about  it  and  recognize  that  it  is  not  the  geology 
but  the  story  telling  and  the  man  that  has  won  to  high  honour. 

Why  then  my  half  brick  of  last  year?  It  was  not  directed 
at  the  geologist  as  a  geologist  or  as  a  story  teller  but  at  men  who 
were  inclined  to  tell  stories  of  no  consequence  to  listeners  provided 
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by  the  reputation  of  the  whole  family  of  geologists  and  to  make 
capital  out  of  these  stories  of  no  consequence.  The  geologist  has 
from  time  immemorial  been  on  a  pedestal,  and  has  no  doubt  taken 
care  to  be  kept  there.  Round  and  about  him  due  to  his  art  of 
story  telling  there  has  been  a  halo  or  an  aura.  His  stories  have 
not  only  had  the  important  essentials  of  mystery  and  distance 
but  in  the  main  they  have  been  truthful  and  unquestioned  by  the 
general  public.  But  there  are  those  who  would  impose  on  this 
good  name  and  on  this  long  earned  and  carefully  preserved 
reputation. 

I  must  confess  that  it  is  a  source  of  some  content  to  see  the 
radical  change  that  has  taken  place  in  our  programme  since  last 
year  with  the  greatly  reduced  percentage  of  geological  papers. 
There  are  many  geological  stories  that  we  require  but  that  fact 
need  not  be  abused. 

This  summer  the  geologists  from  all  the  world  are  coming 
here  and  they  will  bring  with  them  their  best  stories,  and  we,  aided 
by  government  grants  have  been  diligently  preparing  for  them, 
not  only  to  hear  their  stories  but  to  provide  them  with  new 
stories. 

Their  stories  will  be  listened  to  by  all  manner  of  people,  but 
by  no  one  will  they  be  nore  appreciated  than  by  the  mining 
engineer  for  he  will  know  and  will  preserve  what  he  needs  and  this 
he  will  use  in  practical  work  for  the  benefit  of  the  community; 
and  going  his  own  way  he  will  hold  his  peace  and  be  unrecognized 
and  to  the  geologist  and  to  the  story  teller  will  be  the  glory. 


Discussion. 

Dr.  W.  L.  Goodwin: — Mr.  Haultain  has,  at  any  rate,  afford- 
ed us  abundant  evidence  that  among  mining  engineers  there  is 
one  who  can  compete  with  geologists  in  the  art  of  story-telling. 

Dr.  Heinrich  Ries: — I  have  listened  with  great  interest 
to  Prof.  Haultain's  paper,  and  it  seems  to  me  that  his  condemna- 
tion of  geologists,  especially  in  their  relation  to  economic  work 
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is  a  little  sweeping.  Indeed,  I  think  he  makes  the  error  of 
apparently  putting  all  geologists  into  one  class,  whereas  most 
people  will,  I  conceive,  recognize  that  there  are  two  classes, 
namely,  first,  those  who  are  interested  in  geology  from  the  purely 
scientific  and  perhaps  cultural  standpoint;  and,  secondly,  those 
who  consider  its  economic  applications.  The  former  study  the 
rocks,  their  fossils  and  structural  features,  simply  for  the  purpose 
of  interpretating  the  earth's  history,  and  the  changes  which  the 
rocks  of  the  earth's  crust  have  undergone.  The  latter — the  econ- 
omic geologists— are  especially  interested  in  the  economic  bearing 
of  the  phenomena  and  structural  features  which  they  observe 
both  above  and  below  the  surface.  But  in  saying  this,  I  have 
no  intention  of  disparaging  the  value  of  pure  geology,  for  all 
economic  geology  must  be  built  up  on  a  firm  foundation  of  pure 
science,  and  lacking  a  knowledge  thereof,  no  economic  geologist 
can  be  successful. 

That  a  correct  knowledge  of  economic  geology  is  essential 
to  the  mining  engineer,  and  some  phases  of  it  also  to  the  civil 
engineer,  will  be  admitted,  I  believe,  by  many.  Indeed,  I  think 
I  am  safe  in  saying  that  without  the  help  of  economic  geologists, 
or  without  a  knowledge  of  economic  geology,  many  mining  en- 
gineers would  be  burrowing  blindly  underground  looking  for 
the  extension  of  their  ore  bodies,  or  wasting  time  opening  up 
deposits  which  were  obviously  of  little  or  no  value. 

In  the  last  few  years,  there  have  been  brought  to  our  at- 
tention two  important  cases,  which  are  pregnant  with  suggest- 
iveness  of  the  value  of  geology  in  its  economic  applications. 
One  instance  is  the  work  of  Van  Hise  and  Leith  in  the  Lake  Super- 
ior iron  region.  These  investigations  have  shown  mining  engin- 
eers where  they  are  most  likely  to  find  the  ore-belts  in  that  area; 
and  they  have  thus  been  saved  many  thousands  of  dollars  in 
useless  prospecting. 

A  second  case  is  the  work  which  Prof.  Graton  has  begun 
on  the  secondary  enrichment  of  copper  ores,  and  the  establish- 
ment of  criteria  for  determining  whether  in  a  given  deposit 
we  are  dealing  with  primary  or  secondary  ores.  Such  investiga- 
tions are  of  inestimable  practical  value  and  not  to  be  overlooked. 
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Of  course  I  do  not  believe  that  the  geologist  who  has  had 
no  mining  training  can  supplant  the  engineer,  and  it  must  be 
admitted  that  geologists  who  know  little  of  either  the  economic 
side  of  the  subject,  or  of  mining,  sometimes  engage  to  give  pro- 
fessional advice,  to  their  discredit  and  that  of  the  profession; 
but  on  the  other  hand  mining  engineers  with  little  or  imperfect 
geological  training,  sometimes  presume  to  give  geological  advice. 

Such  practices  should  not  be,  for  they  do  good  to  no  one; 
but  they  will  continue  so  long  as  the  almighty  dollar  tempts. 

There  is  another  phase  of  the  subject  upon  which  I  desire 
to  touch  in  this  connection,  and  that  is  the  teaching  of  geology 
to  engineering  students.  If  taught  as  a  purely  scientific  subject 
of  cultural  value,  it  may  appeal  to  them  as  being  of  interest,  but 
how  many  will  apply  it  after  graduation,  unless  they  are  shown 
something  of  its  applications  while  Undergraduates;  and  the  more 
practical  experience  the  teacher  has  had  the  more  successful 
will  he  be  with  his  students.  I  have  found  in  my  own  experience, 
that  the  citation  of  cases  from  practice,  to  show  the  application 
of  theory,  serves  as  a  powerful  stimulant  in  developing  genuine 
interest  in  the  student.  He  then  realizes  that  the  study  is  of 
real  value,  and  not  merely  a  fairy  tale  of  the  past. 

Mr.  M.  B.  Baker: — Although  one  of  the  younger  geologists 
of  the  country,  I  would  like  to  take  exception  to  a  few  remarks 
made  by  the  author  of  this  paper,  and  at  the  same  time  to 
congratulate  him  on  some  of  the  others.  In  the  first  place, 
as  he  admits  himself,  this  is  his  annual  attack.  In  his  preliminary 
remarks  he  mentioned  the  throwing  of  a  brick,  a  whole  brick 
at  that.  It  seems  to  me  that  it  would  be  just  as  unfair  for  the 
geologists  to  attack  the  mining  engineers  as  a  class,  based  on  the 
remarks  of  one  member  of  that  class,  as  it  would  be  for  them  to 
attack  the  geologists  as  a  class,  based  on  the  remarks  of  any 
individual  with  whom  they  might  happen  to  clash  swords.  Mr. 
Haultain  has  taken  the  trouble  to  prepare  and  present  an  excel- 
lent paper;  but  to  show  that  he  does  not  approach  the  question 
with  an  open  mind,  I  would  cite  one  piece  of  evidence — his  train 
was  four  hours  late  this  morning.  For  that  incident  he  actually 
blames   the  geologists.     He   asserts   that   there  was  a  dispute 
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between  the  engineer  and  the  fireman  as  to  the  quality  of  the 
coal;  and  as  the  nature  of  the  coal  was  a  geological  problem,  he 
holds  the  geologists  responsible.  I  submit  this  in  evidence 
that  he  does  not  treat  the  geologists  as  a  class,  with  absolute  fair- 
ness. 

He  has  also  seen  fit  to  go  back  to  early  cave  man,  and 
accounts  for  the  tendency  to  story  telling,  which  he  ascribes  to 
the  geologist  in  particular,  by  saying  that  man  in  his  caves  and 
about  his  fires,  which  he  no  doubt  made  by  friction,  and  this  is 
not  altogether  a  thing  of  the  past,  was  in  the  habit  of  relating 
fanciful  tales  to  his  companions.  He  attempts  to  correlate 
that  with  the  geologist.  I  submit  that  these  men  with  their  fires, 
lived  in  caves  which  they  dug  or  mined  out,  but  I  would  be  the 
last  to  say  that  because  of  this  they  were  mining  engineers.  I 
do  not  doubt  that  there  were  many  disputes  among  them  as 
to  which  was  the  softer  rock,  and  the  preferable  place  for  digging, 
etc.,  and  in  this  respect  they  were  geologists,  perhaps. 

Speaking  seriously,  however,  it  all  comes  down  to  the  recog- 
nition of  the  proper  relationship.  I  do  not  think  there  is  a  curri- 
culum of  any  university  in  Canada,  America,  or  in  the  world 
for  that  matter,  in  which  geology  does  not  form  an  essential 
part  of  the  training  of  a  mining  engineer;  and  I  believe  that  every 
geologist  worthy  of  the  name,  recognizes  the  relationship  of 
geology  to  the  training  of  a  mining  engineer,  and  few,  if  any, 
claim  that  geology  constitutes  mining  engineering.  To  impute, 
therefore,  that  geology  and  geologists  are  usurping  the  right  of 
the  mining  engineer  is  unfair.  Every  geologist,  as  Professor 
Ries  has  already  pointed  out,  realizes  that  his  training  and 
instruction  forms  one  part  of  the  training  of  the  mining  engineer, 
and  it  seems  to  me  that  the  geologist's  duty  largely  ends  where 
the  mining  engineer's  duty  begins.  I  believe  it  is  the  geologist's 
duty  to  survey  the  country,  indicate  the  more  probable  places 
for  finding  ore,  and  to  help  the  engineer  in  that  respect.  It 
is  then  the  engineer's  duty  to  develop  the  ore  deposits.  There  is 
one  phase  in  connection  with  the  geologist's  work  that  I  think 
is  often  forgotten;  to  expect  exactness  in  this  preliminary  work 
is  not  justifiable.     The  very  fact  that  the  geologist  is  confined 
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to  what  he  beHeves  to  be  the  condition,  from  a  purely  superficial 
examination  of  a  property,  must  leave  him  a  limit  for  a  fair  amount 
of  legitimate  mistake.  We  heard  last  night  of  one  mining  engin- 
eer who  said  that  if  he  had  seen  ore  coming  out  of  the  shaft  of 
a  mine  he  would  conclude  that  there  had  been  ore  in  that  mine. 
I  claim,  therefore,  that  after  the  mining  engineer  has  worked  for 
a  while,  and  recognized  certain  relationships  below  the  ground, 
as  a  result  of  having  tested  and  proven  them,  we  have  a  right  to 
expect  more  reliability  and  exactness  from  him;  and  there  should 
be  a  fair  limit  of  mistakes  allowed  to  the  geologist,  whose  duties 
are  practically  confined  to  judgment,  in  a  great  many  cases 
without  having  had  time  or  opportunity  to  obtain  actual  proofs. 
I  believe,  in  conclusion,  that  most  mining  engineers  recognize 
the  value  of  geology  as  an  aid  to  mining  engineering. 

Mr.  G.  M.  Colvocoresses: — Mr.  Haultain  has  stated  that 
the  President  of  the  American  Institute  of  Mining  Engineers  is 
a  geologist.  This  is  an  error;  our  President  is  Mr.  Charles  F. 
Rand,  who  has  been  identified  with  the  development  and  opera- 
tion of  iron  properties  and  I  do  not  think  that  Mr.  Rand  claims 
to  be  a  geologist.  Undoubtedly,  Mr.  Haultain  has  reference  to 
Prof.  Kemp,  now  Past-President  of  the  American  Institute. 

Instead  of  harboring  jealous  feelings,  I  believe  nearly  all 
engineers  will  readily  acknowledge  the  debt  which  they  owe  to 
the  geologist  and  the  illustrations  which  Mr.  Reis  has  given  us 
are  only  few  amongst  many.  I  could  refer  to  geological  folios 
on  almost  all  the  important  districts  of  the  United  States, 
Australia  and  South  Africa,  aside  from  those  which  have  been 
mentioned  in  Canada ;  and  the  studies  in  geology  have  been  the 
greatest  help  to  the  mining  engineers,  either  making  examinations 
or  operating  mines  in  these  districts. 

Mr.  Haultain  apparently  feels  that  geologists  receive  undue 
prominence  and  remuneration  for  their  service;  but  considering 
financial  remuneration  alone,  I  cannot  see  how  any  young  man 
in  choosing  his  vocation  could  be  tempted  to  give  up  mining  en- 
gineering for  geology  since,  financially  at  least,  the  reward  of  a 
successful  mining  engineer  is  usually  much  greater  than  that  of 
a  geologist  even  though  he  may  not  come  so  largely  into  the  public 
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eye.  This  will  be  strongly  borne  out  if  we  consider  the  reputed 
incomes  of  leading  mining  engineers  on  the  continent  of  America 
as  compared  with  those  of  leading  geologists.  There  is  a  big  differ- 
ence between  the  proper  functions  of  the  professions,  because  the 
geologist  is  usually  a  public  servant  employed  by  a  government 
and  "tells  his  story"  (as  Mr.  Haultain  puts  it)  to  the  public; 
while  the  mining  engineer  employed  by  an  individual  or  company 
"tells  his  story"  only  to  the  ears  of  the  capitalists  who  are  em- 
ploying him. 

I  am  not  familiar  with  the  work  of  all  the  geologists,  but  I 
do  not  know  any  geologists  unless  they  be  mining  engineers 
also,  who  attempt  to  sample  and  estimate  the  ore  in  a  mine  or 
put  an  exact  valuation  thereon.  The  geologists  confine  them- 
selves to  reporting  on  the  probabilities  and  possibilities,  the  man- 
ner in  which  the  ore  was  deposited,  and  the  chances  of  its  extent 
and  continuation.  This  seems  to  me  properly  the  function  of  the 
geologist;  and  building  on  their  theories  and  on  the  results  of 
their  studies,  the  mining  engineer  can  put  a  larger  interpretation 
on  the  facts  as  he  sees  them  in  the  mines  and  make  his  own  work 
more  valuable;  and  for  my  part  in  company  with  many  other 
engineers,  I  take  off  my  hat  to  the  geologists  for  the  assistance 
which  they  have  given  to  our  profession. 

Mr.  a.  B.  Willmott: — I  have  had  experience  as  a  geologist; 
I  have  worked  as  a  mining  engineer;  and  I  have  also  served  in 
the  capacity  of  mine  operator.  In  the  latter  capacity  I  have  had 
occasion  to  read  many  reports  by  both  engineers  and  geologists. 
A  large  number  of  such  reports  are  unquestionably  prepared 
by  men  of  inexperience,  or  lacking  in  knowledge  of  the  subject  on 
which  they  pronounce  opinion.  It  is  this  that  Mr.  Haultain,  no 
doubt,  deprecates  in  particular.  Geologists  as  well  as  mining 
engineers  frequently  attempt  to  write  reports  on  matters  with 
which  they  are  not  qualified  to  deal;  and  it  is  highly  desirable 
that  such  practices  should  be  discountenanced.  Mr.  Haultain's 
contention  that  in  the  past  the  Institute  has  concerned  itself 
largely  with  the  consideration  of  geological  problems  to  the 
exclusion  perhaps  of  questions  of  more  practical  application  to 
mining    engineering   is   also   to   the   point.       It   is   true   of  our 
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Proceedings  that  we  dc  not  get  papers  of  the  practical  sort 
that  we  should  have.*  There  are  no  doubt,  reasons  for  that. 
It  is  difficult  to  induce  mining  engineers  to  contribute  papers. 
It  is  my  opinion  that  the  Council  of  the  Institute  should 
attempt  to  secure  more  papers  of  a  practical  character,  that 
would  give  the  engineer  as  much  prominence  in  this  Institute 
as  the  geologist.  I  quite  sympathise  with  Mr.  Haultain's  view 
that  the  geologists  are,  perhaps,  too  much  to  the  fore.  The 
engineers,  however,  have  the  remedy  in  their  own  hands.  If 
they  will  contribute  papers,  they  can  be  sure  of  an  appreciative 
audience;  and  at  the  same  time  the  Institute  will  benefit. 

Dr.  a.  E.  Barlow: — I  scarcely  imagined  that  I  should 
ever  qualify  as  a  "story-teller".  If,  however,  I  may  be  so 
described,  my  stories  have  been  told  to  a  relatively  limited 
audience,  confined,  in  fact,  to  those  directly  interested  in  the 
industry  and  profession  of  mining.  And,  after  my  election  to 
the  office  of  President  of  this  Institute,  I  was  even  conceited 
enough  to  believe  this  was  evidence  that  the  mining  profession 
of  Canada  appreciated  m}'  work  as  a  geologist,  or  as  Mr.  Haultain 
would  have  it — a  "story-teller".  In  brief,  as  a  geologist,  I  have 
no  reason  to  be  ashamed  of  my  profession,  nor  have  I  any  apology 
to  offer  for  the  science.  Canada  already  owes  it  a  great  debt; 
for  its  practical  application  to  mining  has  been  indubitably 
established,  and  its  value  in  this  regard  will  continue  to  be  de- 
monstrated. In  one  respect  I  am  heartily  in  accord  with  Mr. 
Haultain.  I  believe  that  the  geologist  has  ample  scope  for  the 
application  of  his  specialized  knowledge  without  attempting 
to  infringe  on  the  functions  of  the  mining  engineer.  On  the  geo- 
logist, however,  devolves  the  important  and  difficult  task  of  solv- 
ing problems,  whose  correct  solution  is  fundamental  to  successful 
and  profitable  mining  operation.  In  this  belief  I  have  endeavour- 
ed to  impress  on  the  authorities  of  McGill  University,  with  which 
I  am  associated,  the  importance  of  the  study  of  geology  to  the 

*XoTE  BY  THE  SECRETARY. — The  actual  facts  are  as  follows  :  Dunng 
the  past  five  years  1908  to  1912  inclusive  the  Institute  Was  published  in  its 
Transactions  two  hundred  and  one  papers.  Of  these  fifty-five  rather  more 
than  twenty-five  per  cent,  treat  on  applied  geology,  or  are  descriptive  of 
Canadian  mineral  resources  and  occurrences.  There  are  no  papers  devoted  to 
pure  geology. 
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students  of  mining  and  I  am  happy  to  say  that  the  course  now 
includes  extensive  instruction  in  economic  and  appHed  geology. 

It  is  an  admitted  fact  I  believe  that  men  who  have  been  well 
trained  in  geology  make  the  best  engineers;  and  for  examples 
one  may  refer  to  many  of  the  graduates  of  the  University  of 
Wisconsin,  where  special  attention  is  given  to  geological  instruc- 
tion. It  is  well  known  that  graduates  in  mining  engineering 
from  this  school  have  accomplished  notable  work  in  the  Lake  Su- 
perior region,  not  only  in  respect  to  the  determination  of  the  loca- 
tion and  size  of  ore  deposits,  but  in  devising  economic  methods 
of  working.  This,  however,  is  the  age  of  specialization,  and  while 
it  is  well  that  the  mining  engineer  should  possess  a  good  general 
knowledge  of  geology,  he  cannot  dispense  with  the  services  of 
the  geological  specialist. 

Mr.  H.  E.  T.  Haultain: — I  have  been  extremely  surprised 
at  the  very  nice  things  that  have  been  said,  as  I  have  come  to 
the  conclusion  that  I  put  too  much  jam  in  the  mixture.  In 
the  course  of  the  discussion.  Dr.  Barlow  referred  to  the  compre- 
hensive course  in  geology  provided  to  mining  students  at  the  Uni- 
versity of  Wisconsin.  When  I  became  Professor  of  Mining  En- 
gineering at  Toronto  University  I  found  that  the  curriculum 
for  the  department  of  mining  engineering  apportioned  two  hun- 
dred and  sixty-two  hours  out  of  the  total  course  to  the  studies 
of  mineralogy  and  geology,  while  only  twelve-and-a-half  hours 
were  allotted  to  the  study  of  mining:— in  a  course  for  a  di- 
ploma in  mining  engineering.  It  is  true  I  did  not  find  that  such 
conditions  existed  elsewhere  to  an  equal  degree,  but  I  found, 
and  I  still  believe  I  find,  evidence  of  preponderence  in  favour  of 
geologists  in  every  direction.  There  is  no  doubt,  that  they  get, 
I  think  unduly,  the  eye  and  ear  of  the  public.  The  expression 
of  that  belief  is  the  basis  of  my  paper. 

Mr.  E.  D.  Ingall: — This  discussion  has  been  brought  up 
about  every  five  years  in  the  meetings  of  the  Institute  as  far  back 
as  my  memory  goes.  Does  it  not  seem  that  we  are  merely  dis- 
cussing the  relative  importance  of  foundations  versus  superstruc- 
tures. The  geologist  has  to  lay  the  foundation  and  the  mining 
engineer  builds  the  superstructure.     Dr.  Barlow  says  he  finds 
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it  difficult  to  answer  the  speaker  but  it  seems  to  come  back  to 
the  fundamental  question  of  the  related  functions  of  the  geolo- 
gist-investigator and  of  the  mining  engineer  who  applies  the  data 
resulting  from  the  efforts  of  the  former  to  specific  economic 
problems.  These  functions  are  so  mutually  interdependent  that 
there  seems  no  reason  to  regard  them  as  in  any  sense  antagonis- 
tic. 

Mr.  R.  W.  Brock  (Communication  to  the  Secretary): — 
Mr.  Haultain's  remarks  at  the  annual  meeting  of  the  Institute 
in  1912  were  jocular  and  therefore  called  for  no  serious  rejoinder. 
Moreover,  they  were  restricted  to  certain  geologists  and  would  be 
equally  applicable  to  certain  mining  engineers  or  certain  men 
of  any  other  profession.  His  carefully  prepared  and  admir- 
ably written  paper  presented  to  this  body  at  the  present  meet- 
ing I  should  like  to  discuss,  but  I  perceive  that  it  has  been  antici- 
pated and  effectually  disposed  of  by  Paul  the  Apostle  in  his  first 
epistle  to  the  Corinthians.  For  the  convenience  of  those  mem- 
bers who  have  not  access  to  a  reference  library  I  shall  quote  a  few 
verses  from  the  twelfth    chapter: 

"For  the  body  is  not  one  member  but  many. 

"If  the  whole  body  were  an  eye  where  were  the  hearing? 

"If  the  whole  were  hearing  where  were  the  smelling? 

"But  now  hath  God  set  the  members  every  one  of  them 

in  the  body  as  it  hath  pleased  him. 
"And  if  they  were  all  one  nember  where  were  the  body? 
"But  now  are  they  many  members  yet  but  one  body. 
"And  the  hand  cannot  say  unto  the  eye  I  have  no  need  of 

thee  nor  again  the  feet  to  the  head  I  have  no  need  of 

you. 
"Nay  much  more  those  members  of  the  body  which  seem  to 

be  more  feeble  are  necessary; 
"And  those  members  of  the  body  which  we  think  to  be  less 

honourable    upon    these    we    bestow    more    abundant 

honour;  and  our  uncomely  parts  have  more  abundant 

comeliness. 
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"  For  our  comely  parts  have  no  need ;  but  God  hath  tempered 

the  body  together  having  given  more  abundant  honour 

to  that  part  which  lacked. 
"That  there  should  be  no  schism  in  the  body;  but  that  the 

members  should  have  the  same  care  one  for  another. 
"And  whether  one  member  suffer  all  the   members  suffer 

with  it,  or  one  member  be  honoured,  all  the  members 

rejoice  with  it." 


STATE  AID  TO  MINING  IN  AUSTRALASIA 

By    H.    Mortimer-Lamb,    Montreal,   Que. 

[Afinual  Meeting,  March,  igij) 

The  young  nation  that  in  its  policy  prescribes  to  the  doc- 
trine of  "faith  without  works"  will  never  become  great. 

In  Canada,  public  men  are  ready  enough  to  orate  when  oc- 
casion offers  on  the  "enormous  potentialities  of  our  mining 
resources;"  to  express  profound  belief  in  the  "future  awaiting 
the  development  of  the  mining  industry";  to  dwell  eloquently, 
if  hazily,  on  the  "stores  of  mineral  wealth  awaiting  the  pros- 
pector and  miner  in  vast  areas  yet  to  be  explored" ;  and,  as  is  the 
practice  of  politicians  the  world  over,  to  play  prettily  with  glit- 
tering generalities  whenever  it  so  serves  the  purpose  of  their  trade. 
But  relative  to  other  industries  of  the  Dominion  state  aid  or 
encouragement  to  mining  in  practical  directions  has  been  both 
scant  and  sporadic;  and  even  to-day,  despite  statistical  and  other 
evidence,  the  national  importance  of  the  industry  is  not  appreciat- 
ed by  legislators,  and  its  claims  for  recognition  and  assistance 
are  either  ignored  or  but  grudgingly  conceded.  Because  without 
any  special  stimulation  from  government  the  industry  happens 
to  be  in  a  flourishing  condition,  is  no  reason  why  this  attention 
should  be  withheld.  On  the  contrary  it  is  an  argument  for  more 
active  measures.  And  the  time  was  never  more  opportune  than 
at  present  for  the  adoption  of  legislation  designed  to  stimulate 
exploration  for  minerals  and  mining  in  the  Dominion,  for  recent 
railway  building  has  added  considerably  to  the  extent  of  country 
over  which  search  may  be  conducted  with  a  reasonable  promise 
of  success.  The  purpose  of  the  present  paper  is  to  point  out  that, 
by  comparison  with  the  attitude  of  the  States  of  the  Australian 
Commonwealth  and  of  New  Zealand  towards  the  mining  in- 
dustries of  those  countries,  the  attitude  of  our  Governments, 
both  Dominion  and  Provincial,  in  this  relation,  appears  strikingly 
apathetic.     To  Australian  policies  and  methods,  the  objection 
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may  be  raised,  perhaps  not  unjustly,  that  they  savour  of  pater- 
nahsm,  a  form  of  government  that  does  not  commend  itself  to 
men  of  resource  and  independence  of  character;  but  it  should  be 
remembered  that  legislation  along  the  lines  presently  to  be  des- 
cribed is  not  devised  to  benefit  one  class  alone  but  the  community 
as  a  whole;  and  that  in  a  new  country  the  policy  that  conduces 
most  efifectively  to  the  development  and  utilization  of  natural 
resources  and  to  the  establishment  of  industry,  justifies  itself. 
The  same  principle  has  been  recognized  in  connection  with  com- 
mercial undertakings.  When,  for  example,  the  first  trans- 
continental railways  were  built  on  this  continent,  the  means  adopt- 
ed by  the  companies  to  develop  trafific,  were  distinctly  pater- 
nalistic. But  the  guiding  principle  was  business  for  the  railways, 
not  philanthropy.  The  prosperity  of  the  settler  meant  the  profit- 
able operation  of  the  railway,  and,  to  accomplish  this  dual  result 
farms  were  stocked,  enterprises  were  subsidised,  and,  in  short, 
neither  effort  nor  money  were  spared  to  encourage  and  foster 
industry  of  every  description  within  the  territory  contributory 
to  the  systems.  The  results  have  long  since  proved  the  wisdom 
of  these  apparently  generous,  but  really  quite  selfish,  if  legiti- 
mate, early  expenditures  of  the  railway  corporations. 

For  many  years  now  the  Institute  has  endeavoured  to  se- 
cure better  recognition  for  the  mining  industry  from  the  Domin- 
ion Government.  Some  concessions  have  been  granted,  but  they 
fall  short  of  what  is  yet  desired.  The  organization  of  the  Can- 
adian Department  of  Mines  is  still  incomplete.  A  mining  law 
for  the  Dominion  has  yet  to  be  passed.  Whether  we  agree 
or  not  with  the  Australasian  methods,  at  least  they  indicate 
that  the  governments  of  these  countries  fully  realise  the  national 
importance  of  mining  and  the  necessity  of  affording  the  industry 
every  tangible  aid  and  encouragement.  Canada  would  profit 
greatly  if  its  public  men  could  be  educated  to  the  adoption  of 
a  similar  viewpoint. 

Western  Australia 

In  1902,  Western  Australia  passed  an  Act,  known  as  the 
"Mining  Development  Act,"  "  to  subsidise  and  enable  Companies 
or  Miners  to  further  develop  gold  or  other  Mines,  and  for  other 
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purposes."  Under  this  Act  provision  is  made  (1)  for  "advances 
for  pioneer  mining;"  (2)  "advances  to  miners  for  prospecting;" 
(3)  "establishment  of  plant  for  crushing,  ore-dressing,  cyaniding 
or  smelting;"  (4)  and  "assistance  for  boring."  In  addition  the 
Minister  of  Mines  is  given  power  to  make  expenditures  or  ad- 
vance money  to  (a)  drain  any  mining  area;  (b)  assist  mining 
by  sinking  or  cross-cutting.  .  .  .  or  ^c)  sink  shafts  for  the 
purpose  of  prospecting  for  gold,  or  any  mineral  or  metal,  at  great 
depths  below  the  surface,  at  places  in  respect  of  which  the  ex- 
penditure of  large  sums  of  money,  extending  over  a  considerable 
period,  will  be  necessary;  and  (d)  provide  means  of  transport 
for  miners  to  prospect  unproved  country. 

The  individual  or  company  applying  for  an  advance  under 
this  Act,  is  required  to  supply,  together  with  other  information, 
a  description  and  plan  of  the  property,  and  to  specify  the  nature 
and  probable  cost  of  the  work  proposed  and  for  which  the  loan 
is  asked.  The  application  is  then  referred  to  the  Government 
Geologist  or  State  Mining  Engineer  for  report,  and,  if  the  condi- 
tions are  considered  to  be  favourable,  advances  are  made  in 
instalments,  on  the  security  of  the  property,  to  a  total  amount 
not  exceeding  one  thousand  pounds,  at  an  interest  charge  of 
five  per  cent,  per  annum,  payable  half  yearly. 

After  the  Act  had  been  in  operation  for  some  years,  the  State 
Mining  Engineer  reported  on  it  somewhat  adversely  as  follows: 
"I  regret  to  say  that  the  working  of  this  act  is  not  by  any  means 
satisfactory.  There  are  many  complaints — in  my  opinion  well 
founded — as  to  the  delays  experienced  in  making  arrangements 
for  preliminary  advances,  and  in  making  progress  payments 
available.  .  .  .  But  although  the  delays  in  arranging  the  ad- 
vances have  doubtless  been  very  troublesome  and  irritating 
to  borrowers,  they  are  after  all  very  little  responsible  for  what 
has  most  generally  proved  the  rock  on  which  these  ventures  have 
come  to  grief,  namely  the  much  greater  difficulty  and  cost  of  the 
work  undertaken  than  was  anticipated  by  the  borrowers.  Over 
and  over  again  it  was  proved  that  they  were  not  able  to  carry  out 
their  own  share  of  the  work  they  had  undertaken,  their  estimates 
of  costs  having  been  far  too  sanguine,  and  it  has  not  been  carried 
to  completion.     In  many  other  cases  the  hopes  of  developing 
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good  ore  deposits  have  proved  illusory,  and  there  has  been  much 
disappointment  at  not  opening  up  payable  stone  where  it  was 
confidently  expected.  This  experience  is  unfortunately  one 
which  is  in  the  nature  of  mining,  the  deposition  of  ore  being 
"always  more  or  less  fortuitous  and  subject  to  no  absolute  rules. 
From  one  cause  and  another  very  few  of  these  State-aided  ven- 
tures have  proved  remunerative,  and  most  of  the  money  advanced 
has  been  dead  loss.  I  would  therefore  strongly  urge  reconsidera- 
tion of  the  Mining  Development  Act,  and  particularly  revision 
and  elucidation  of  the  principles  which  are  to  be  taken  to  govern 
State  loans  for  mining  purposes.  These  should  be  more  clearly 
defined,  on  a  broad  basis  of  general  national  advantage,  and  kept 
as  free  as  possible  from  considerations  of  more  or  less  sentimental 
nature,  engendered  by  sympathy  with  struggling  ventures, 
which  simply  obscure  the  main  issues." 

In  consequence,  no  doubt,  of  this  report,  in  1906  it  was  offi- 
cially announced  that  thereafter  advances  would  be  as  a  rule 
granted  only  in  cases  where  they  are  expended  in  purchase  and 
erection  of  approved  machinery;  and  that  in  all  other  cases  the 
Minister  would  only  make  advances  when  satisfied  "that  there 
are  very  strong  reasons  in  the  general  public  interest,  for  granting 
assistance,  or  that  the  mine  is  already  equipped  with  mining 
machinery." 

But  while  in  this  one  particular  the  methods  adopted  by 
this  State  to  assist  the  industry  have  not  been  notably  suc- 
cessful, they  unquestionably  have  been  helpful  in  other  di- 
rections. Thus  some  good  results  have  been  obtained  from  bor- 
ing; the  individual  miner  and  prospector  has  been  benefited 
to  a  very  considerable  degree  by  the  establishment  of  State 
crushing  plants  and  by  the  provision  whereby  private  mills  have 
been  subsidised  on  the  condition  that  they  crushed  for  the  public 
at  fixed  rates;  while  the  establishment  of  State  smelting  works 
led  to  the  development  of  an  important  copper  district,  the  works 
themselves  being  sold  subsequently  to  a  corporation  for  a  fair 
price  conditional  that  the  purchasers  would  continue  to  treat  ore 
from  mines  in  the  neighbourhood  at  government  rates. 
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West  Australia  also  subsidises  the  production  of  merchant- 
able mica  and  manufactured  mica;  and  the  Mining  Act  provides 
liberal  rewards  for  the  discovery  of  gold,  metallic  minerals,  coal 
and  precious  stones. 

Tasmania 

In  addition  to  granting  "reward  claims"  at  a  peppercorn 
rent  to  discoverers  of  gold  and  other  minerals  at  distances  rang- 
ing from  two  to  ten  miles  and  over  from  known  occurrences, 
provision  is  made  by  the  "Mines  Act,  1905"  for  the  payment  of 
monetary  rewards,  in  amounts  not  exceeding  one  hundred  pounds 
for  such  discoveries;  while  section  159  of  this  Act  further  pro- 
vides that  the  Minister  of  Mines  may  "cause  to  be  paid  to  the 
future  actual  discoverer  of  any  new  and  valuable  deposit  of 
metals  or  minerals,  which  may  be  discovered  in  a  locality  where 
mining  operations  have  never  been  carried  on,  or  have  practically 
ceased,  such  reward  as  may  be  prescribed,  and  upon  such  con- 
ditions as  may  be  prescribed." 

A  year  or  so  ago  the  Secretary  for  Mines  recommended  the 
organization  of  Government  prospecting  parties  for  exploration 
in  new  or  untried  localities.  His  argument  in  favour  of  this  re- 
commendation very  clearly  expresses  the  Australasian  point  of 
view  as  regards  the  relation  of  the  State  to  industry  and  as  such 
calls  for  notice.  "The  mining  industry,"  he  remarks,  "is  the 
most  important  of  our  industries  .  .  .  and  therefore 
needs  fostering  and  encouraging  in  every  possible  way.  .  .  With 
vast  areas  of  unexplored  mineral  country  I  feel  that  there  is  a 
great  future  before  us,  and  that  the  industry  is  still  in  its  infancy, 
and  the  more  we  can  do  to  promote  its  welfare  by  encouraging  and 
assisting  prospectors  to  go  out  in  search  of  minerals  the  better. 
What  matters  the  expenditure  of  a  few  pounds  now,  if  there  is 
no  immediate  return?  The  establishment  of  one  payable  field 
will  ultimately  repay  a  thousand-fold  any  expense  the  De- 
partment may  incur  in  sending  two  or  three  prospecting  parties 
out." 

Definite  action  has  been  taken  lately  on  this  recommendation 
and  last  year  an  act  known  as  "The  Appropriation  Act"  was 
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passed,  under  which  the  State  (in  1911-12)  provided  the  sum  of 
^1,000  for  the  purpose  of  assisting  prospectors  to  further  develop 
their  discoveries. 

Under  the  provisions  of  the  Deep  Sinking  Encouragement 
Act  of  1889  and  amendments  thereof,  companies  whose  opera- 
tions had  extended  to  depths  of  over  500  feet  and  requiring 
assistance  to  continue  working,  are  granted  aid  in  the  form  of 
advances,  which  become  a  first  charge  against  profits,  according 
to  a  sliding  scale  varying  from  £l  for  every  ^1  expended  by  the 
applicant  for  shafts  not  less  than  500  ft.,  and  ten  shillings  for  every 
/^l  expended  for  shaft  sinking,  driving,  cross-cutting,  etc.,  at 
depths  of  500  ft.  and  over. 

New  South  Wales 

Direct  state  aid  to  mining  in  New  South  Wales  is  granted 
under  several  guises,  but  for  the  purposes  of  this  paper  it  is 
needful  merely  to  refer  to  one  form  of  assistance.  Annually, 
for  many  years  past,  the  sum  of  ^15,000  has  been  placed  at  the 
disposal  of  a  Board,  of  which  the  Government  Geologist  is  chair- 
man, to  "promote  prospecting  for  gold  and  other  minerals, 
and  to  encourage  the  opening  of  new  fields."  The  appropriation 
is  known  as  the  "Prospecting  Vote."  Before  any  application 
for  aid  is  considered,  the  Board  satisfies  itself  that  the  conditions 
are  promising,  that  the  work  proposed  is  suitable  and  that  it 
is  in  the  public  interest.  An  advance  is  then  made  to  the  extent 
of  50  per  cent  of  the  estimated  cost.  According  to  the  last  ofifi- 
cial  report  the  sum  expended  by  the  State  in  encouraging  pros- 
pecting had  reached  a  total  of  >^416,215.  In  addition,  the 
State  Parliament  adopted  a  measure  recently  providing  for  the 
erection  of  State  crushing  batteries,  and  also  for  lending  money  to 
prospectors  to  erect  plants.  As  regards  the  latter,  the  scheme 
is  as  follows : — The  prospector  is  to  communicate  with  the  Depart- 
ment of  Mines  giving  particulars  of  his  mine,  the  plant  he  needs, 
its  estimated  cost,  what  assistance  he  requires,  and  how  he 
purposes  to  make  repayment.  The  request  is  then  to  be  reported 
on  by  the  Inspector  of  Mines,  who  shall  state  if  the  prospects 
of  the  mine  are,  in  his  opinion,  such  as  to  warrant  the  erection 
of  the  plant,  and  whether  it  is  suitable  to  the  requirements,  etc. 
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The  Prospecting  Board,  being  satisfied  that  the  erection  of  the 
plant  is  justified,  then  recommend  to  the  Minister  that  a  proposal 
be  submitted  to  the  applicant  as  to  the  terms  on  which  the  gov- 
ernment will  assist  in  the  erection  of  the  plant,  but  in  no  case  shall 
the  advance  exceed  75  per  cent,  of  the  total  cost.  The  prospec- 
tor's contribution  of  25  per  cent  of  the  cost  may,  however,  be 
contributed  in  the  form  of  labour.  No  interest  is  to  be  charged 
on  advances,  but  in  consideration  of  this  a  condition  is  imposed 
that  on  a  specified  number  of  days  in  each  year  the  plant  shall 
be  available,  if  required,  for  the  crushing  of  ore  for  the  public, 
the  charge  for  which  service  shall  be  fixed  by  the  government. 

Queensland 

According  to  a  report  of  the  Chief  Inspector  of  Mines  of 
this  State,  the  mining  industry  in  Queensland  is  directly  aided 
in  the  following  respects:  (1)  Assistance  to  prospecting;  (2) 
Grants  for  roads  and  bridges  to  gold  and  mineral  fields;  (3) 
Loans  in  aid  of  deep  sinking;  (4)  Advances  under  "The  Mining 
Machinery  Advances  Act  of  1906."  Assistance  to  prospecting 
is  granted  in  connection  with  sinking  wells,  providing  equipment 
or  supplies  for  small  parties,  in  some  cases  for  prospecting  or 
developing  finds,  and  in  other  directions,  including  the  provision 
of  small  treatment  and  pumping  plants.  Such  assistance 
is  granted  directly  by  the  Minister,  sometimes  to  a  local  authority, 
sometimes  through  the  Warden,  and  sometimes  to  miners'  asso- 
ciations. Loans  in  aid  of  deep  sinking  are  made  with  Executive 
approval  to  individuals  and  companies  to  prove  lodes  at  depth, 
for  diamond  drilling,  etc.  The  Mining  Machinery  Advances 
Act  provides  for  the  granting  of  loans  for  (1)  "Procuring  and  erec- 
ting machinery  for  carrying  on  mining  operations.  (2)  Procuring 
and  erecting  or  removing  and  re-erecting  plant  for  treating  metals, 
minerals,  or  metalliferous  ores."  A  report  is  made  on  each 
application  by  a  technical  officer  of  the  Mines  Department,  and, 
if  favourable,  a  loan  is  then  made  bearing  interest  at  a  rate  not 
exceeding  five  per  cent,  per  annum.  There  is  no  clause  limiting 
the  amount  of  the  advance,  but  it  is  provided  that  for  every 
pound  advanced,  the  borrower  must  have  expended  one  pound 
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in  the  purchase  or  otherwise  of  the  machinery  in  question. 
The  plant  is  held  by  the  Government  as  security  for  the  re- 
payment of  the  loan,  but  the  money  advanced  is  not  recoverable 
against  the  borrower  personally. 

In  addition,  funds  are  occasionally  advanced  or  provided 
for  special  purposes,  such  as  boring  for  oil. 

Victoria 

Legislation  of  the  character  now  under  discussion,  in  the 
several  States  of  the  Commonwealth,  is  very  generally  based 
on  the  Mining  Development  Act  and  amending  Acts  of  the  State 
of  Victoria.  The  Act  provides  for:  advances  to  companies  for 
the  development  of  mining;  construction  of  roads  and  tracks 
for  the  development  of  mining;  establishment  of  plant  for 
testing  metalliferous  material;  construction  of  races  and  dams 
for  water  for  sluicing  for  gold,  etc;  advances  to  miners  for 
prospecting  and  disseminating  information  and  instruction  as 
to  the  mining  resources  of  Victoria  in  Great  Britain  and  other 
countries.  For  advances  to  companies,  a  sum  of  /io39,000  is 
now  annually  appropriated.  Applications  for  loans  may  be  made 
for  the  purpose  of  (a)  Carrying  on  pioneer  mining;  (b)  procuring 
and  erecting  machinery  for  carrying  on  such  pioneer  mining; 
(c)  providing  all  works  necessary  for  the  proper  carrying  on  of 
such  pioneer  mining.  The  loans  are  subject  to  the  usual  evi- 
dence as  to  bona  fides,  agreements  relative  to  repayment  with 
2|  per  cent,  interest  before  a  dividend  is  declared,  favourable 
report  by  a  Government  officer,  first  mortgage  on  property  and 
expenditure  by  the  borrower  after  approval  of  the  loan  of  ^1 
for  every  L\  advanced.  The  Minister  is  furthermore  em- 
powered to  apply  any  part  of  the  authorised  yearly  expenditure 
for  draining  any  metalliferous  area,  or  in  sinking  or  boring  to 
great  depths.  The  provision  in  respect  of  the  construction  of 
roads  for  mining,  makes  it  lawful  for  the  Minister  on  the  applica- 
tion of  the  council  of  any  shire  situated  in  an  outlying  or  moun- 
tainous part  of  Victoria,  to  provide  a  road  suitable  for  the 
transport  of  mining  machinery  and  appliances  to  any  locality 
where  mining  operations  are  being  carried  on  by  more  than  one 
company,  or  by  holders  of  miners'  rights.     An  amending  act 
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adopted  in  1908  further  provides  for  advances  to  companies  for 
development  of  deep  alluvial  or  deep  quartz  mining;  and  de- 
velopment of  mining  for  coal  and  metals  or  minerals  other  than 
gold.  The  State  has  also  expended  large  sums  in  the  equipment 
of  schools  of  mines,  purchase  of  cyanide  patents,  in  boring 
machinery  and  in  other  directions.  Furthermore  diamond 
drills  are  leased  by  the  Government  under  specified  conditions 
to  companies  and  individual  operators  at  a  low  rental. 

South   Australia 

Very  similar  methods  are  in  force  in  this  State.  Subsidies 
are  granted  for  deep  sinking,  prospecting  and  mining.  It  is 
provided  that  no  subsidy  shall  exceed  one  hundred  per  cent, 
of  the  amount  proposed  to  be  expended  by  the  applicant,  that 
the  amount  of  the  subsidy  shall  be  a  debt  due  to  the  Crown  and 
that  50  per  cent,  of  the  net  profits  shall  be  applied  to  the  repay- 
ment of  the  subsidy.  Crushing  is  undertaken  by  the  State, 
and  the  government  possesses  a  boring  plant  that  is  loaned  to 
companies. 

New  Zealand 

New  Zealand  has  long  been  noted  for  the  advanced  character 
of  its  legislation.  The  provisions  respecting  State  aid  to  mining, 
included  in  "The  Mining  Act,  1908,"  do  not,  however,  differ 
radically  from  those  in  force  in  New  South  Wales  and  other 
States  of  the  Australian  Commonwealth.  Thus  under  the 
regulations,  advances  to  aid  in  mining  development  are  made 
to  companies  and  individuals,  on  very  similar  terms  and  con- 
ditions. The  inducements  offered  in  the  form  of  rewards  for 
important  new  discoveries  are  exceedingly  liberal,  while  money  is 
annually  appropriated  to  assist  prospectors  in  exploring  new  terri- 
tory and  in  developing  their  claims.  Last  year  the  sum  of  ;^4,- 
963  was  expended  in  this  manner,  while  .^40,830  was  devoted  to 
the  construction  of  roads  and  trails  in  outlying  mining  districts. 
The  Government  also  provides  diamond  drills  on  loan  to  mining 
operators;    and,   as   a   further  instance   of   aid   in   a   practical 
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direction,  contributed  handsomely  last  year  towards  an  under- 
taking of  driving  a  tunnel  with  the  design  of  prospecting  the 
Thames  goldfield  at  depth  and  at  the  same  time  of  draining 
the  district. 

Conclusions 

Such,  in  brief,  are  some  of  the  direct  means  employed  in 
Australasia  to  foster  and  encourage  the  mining  industry.  Other 
measures,  in  themselves  no  doubt,  more  essential,  but  common 
to  most  countries  including  our  own,  such  for  example  as  the 
provision  of  a  geological  survey,  have  not  been  enumerated 
advisedly.  Neither  has  mention  been  made,  although  relevent 
to  a  consideration  of  the  subject,  of  the  large  expenditures 
of  some  of  the  Australian  states  and  of  New  Zealand  in  the 
maintenance  of  Government  Schools  of  Mines,  since  in  Canada 
assistance  in  this  direction  is  not  particularly  required,  or  where 
required  is  partly  supplied.  The  points  presented,  therefore, 
for  discussion  are  the  advisability  or  otherwise  of  the  adoption 
in  Canada  of  Australasian  methods  of  state  aid  to  mining  as 
outlined;  or,  if  the  methods  do  not  commend  themselves,  al- 
though the  principles  on  which  they  are  based  is  considered  just, 
in  what  manner  may  the  Dominion  and  Provincial  Governments, 
beyond  what  is  now  being  done,  assist,  encourage  and  promote 
the  welfare  of  mining  in  Canada.  From  the  information  af- 
forded by  the  official  reports  and  returns  it  seems  reasonably 
clear  that  from  the  point  of  view  of  actual  results  a  very  consider- 
able proportion  of  the  Australasian  experiments  have  not  proved 
signally  successful.  In  only  a  very  few  instances  is  it  shown  that 
advances  to  prospectors  led  to  important  mineral  discoveries; 
or  that  subsidies  to  mining  companies  were  responsible  for  the 
establishment  of  permanent  industry,  or  prevented  the  closing 
of  important  mines.  The  economic  soundness  of  any  policy 
that,  while  possibly  benefitting  the  community,  more  certainly 
and  directly  benefits  the  individual  at  the  expense  of  the  com- 
munity, is  questionable  in  the  extreme;  and  so  long  as  existing 
conditions  of  life  and  society  obtain,  it  is  not  safe  to  introduce 
factors  that  stultify  the  rules  on  which  the  present  principles  of 
success,  individual  effort  and  fitness,  are  based.     The  really 
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admirable  feature  of  the  Australasian  legislation  is  the  evidence 
it  afifords  of  the  interest  of  the  state  in  industry  and  of  the  desire 
to  further  its  welfare.  That  spirit  is  in  a  large  measure  lacking 
in  Canada,  where  policy  is  largely  determined  by  political 
exigencies  and  partisan  considerations.  Hence  the  intention 
of  these  notes  is,  in  the  main,  to  emphasise  this  difference  in 
sentiment.  But  there  can  be  no  doubt  that  the  mining  men  of 
Canada  could,  by  united  and  persistent  effort,  gain  from  the 
governments  for  the  industry  greater  consideration  and  atten- 
tion. Such  an  attempt  would  surely  be  worth  while.  More,  it 
is  a  duty. 

In  several  respects,  at  least,  state  aid  modelled  on  Aus- 
tralasian methods  could  be  legitimately  and  wisely  afforded. 
Diamond  drilling  or  boring  in  unexplored  and  promising  locali- 
ties, under  the  direction  of  the  Geological  Survey;  the  improve- 
ment or  even  the  provision  of  means  of  transport  in  distant 
territory;  the  extension  of  the  system  of  Government  explora- 
tion for  minerals  in  new  country;  in  these,  and  in  many  other 
directions  government  might  materially  assist  without  un- 
warrantly  assuming  responsibilities  properly  attaching  to  the 
individual. 


NOTES  ON    THE    COPPER    MINING    INDUSTRY    OF 
BRITISH   COLUMBIA. 

By  E.  Jacobs,  Victoria,  B.C. 

The  official  statistics  of  the  British  Columbia  Department  of 
Mines  show  an  aggregate  production  to  the  end  of  1912  of  503,737- 
902  lbs.  of  copper,  valued  at  $73,723,562.  By  that  time  copper 
had  taken  first  place  in  aggregate  value  of  production  among 
the  lode  metals  produced  in  the  province  during  all  years.  Pre- 
viously gold  had  always  been  in  the  lead;  but  at  the  close  of  1912 
its  aggregate  of  value— $70,859,022— was  $2,864,540  less  than 
that  of  copper. 

The  first  reported  discovery  of  copper  in  British  Columbia 
on  record  was  that  from  one  of  the  Queen  Charlotte  islands, 
in  1862.  Other  reported  discoveries  were :  At  Sooke,  Vancouver 
Island,  in  1864;  near  the  entrance  to  Howe  Sound,  in  1865;  on 
an  arm  of  Jervis  Inlet,  in  the  early  seventies;  on  Toad  Mountain, 
near  Nelson,  in  1886  or  1887;  in  Copper  Camp,  Boundary  dis- 
trict, in  1887 ;  at  Stump  Lake,  between  Kamloops  and  Nicola 
valley,  in  1889;  on  Trail  Creek,  near  what  is  now  Rossland,  in 
1889;  and  in  various  other  parts  of  the  province  in  different  years. 

The  first  year  in  which  copper  was  included  in  the  official 
records  of  mineral  production  was  in  1894,  when  an  output  of 
324,680  lbs.  was  shown.  This  probably  came  from  the  Silver 
King  mine,  near  Nelson.  In  1895,  both  Nelson  and  Trail  Creek 
mining  divisions  were  shown  to  have  produced  copper.  The 
first  production  of  copper  in  the  Coast  district  was  of  51,950 
lbs.  in  1897,  and  in  Boundary  district  of  5,072,177  lbs.  in  1900. 

The  following  figures  will  serve  to  indicate  the  increasing 
importance  of  copper  mining  in  the  province.  As  compared  with 
that  of  other  metals  they  show  a  much  greater  percentage  of 
increase  in  production : 
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Quantity  and  Value  of  Copper  Produced. 

Lb.  of  Copper  Value 

To  1897,  inclusive  (four  years) ....         10,421,256  $      521,060 

In  five  years,  1898-1902 82,231,152  11,735,159 

In  five  years,  1903-1906 191,585,508  31,456,903 

In  five  years,  1907-1912 219,499,986  30,010,440 

Aggregate  for  all  years 503,737,902       $73,723,562 

The  value  of  lode  gold  produced  during  ten  years  to  the  end 
of  1902  was  $22,049,732;  that  of  copper  for  the  same  period 
was  $12,256,218.  For  the  ten-year  period  to  the  end  of  1912, 
the  production  of  lode  gold  was  valued  at  $48,809,290;  that  of 
copper  at  $61,467,343. 

Comparison  with  Other  Minerals, 

The  aggregate  value  of  the  several  metals  included  in  the 
mineral  production  of  British  Columbia  to  the  end  of  1912  is 
on  official  record  as  follows:  Copper,  $73,723,562;  placer  gold, 
$72,194,603;  lode  gold,  $70,859,022;  silver,  $33,863,940;  lead, 
$27,529,753;  zinc,  iron,  etc.,  $1,528,493;  total  for  metalliferous 
minerals,  $279,690,283,  as  compared  with  a  total  of  $150,447,239 
for  coal  and  coke  and  other  non-metalliferous  minerals.  The 
considerable  increase  in  value  of  the  copper  produced  during 
recent  years  has  been  most  marked  in  comparison  with  that 
of  other  metals.  The  greatest  annual  value  though,  taking 
into  account  all  mineral  production,  is  that  of  coal  and  coke 
with  a  total  valuation  of  $45,898,654,  or  $9,179,731  a  year, 
for  the  last  five-year  period,  as  against  $30,010,440,  or  $6,002,088 
a  year,  for  copper. 

Copper  Production  of  Districts. 

The  approximate  proportions  of  the  aggregate  quantity  shown 
above  of  the  several  copper-producing  districts  of  the  province 
are  as   follows: 
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District 


Lbs.  of  Cop- 
per Produced. 


Boundary 

Trail  Creek  (Rossland) 

Coast 

Nelson 

Cassiar 

Yale  (Kamloops,  etc.) 

Other  parts 

Approximate  aggregate 


334,946,000 

86,741,000 

65,251,000 

13,390,000 

1,721,000 

1,608,000 

81,000 


503,738,000 


Production  in  1912. 

The  quantity  of  copper  produced  in  1912  was  51,456,537 
lbs.,  which  was  the  largest  quantity,  by  more  than  4,000,000 
lbs.,  for  any  year  in  the  history  of  copper  mining  in  the  province. 
The  quantities  and  percentages  by  districts  were: 


District 

Lbs.  of  Copper 

Percentage 

Boundary 

Coast  and  Cassiar 

33,372,199 

15,518,181 

2,539,900 

26,257 

64.76% 
30.16% 

Trail  Creek  (Rossland) 

5.037o 

Nelson 

0.05% 

Total  for  1912 

51,456,537 

100.00% 

The  average  copper  content  of  the  respective  ores  of  the  sev- 
eral districts,  based  on  the  copper  recovered  by  smelting  was: 
Boundary  ores,  0.87  per  cent.;  Coast  ores,  3.625  per  cent.; 
Rossland  ores,  0.521  per  cent. 

Individual  Producers  of  Copper. 


The  largest  individual  producer  of  copper  in  British  Colum- 
bia, has  been,  and  still  is,  the  Granby  Consolidated  Mining,  Smelt- 
ing, and  Power  Co.,  which  commenced  to  make  an  output  of  cop- 
per matte  in  1900.  During  its  fiscal  year  ended  June  30,  1901, 
it  produced  5,435,955  lbs.  of  copper;  its  maximum  annual  out- 
put was  that  for  its  fiscal  year  ended  June  30,  1910,  of  22,754,899 
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lbs.;  its  aggregate  production  of  copper  to  the  end  of  1912  was, 
approximately,  204,000,000  lbs. — exact  figures  are  not  available 
to  the  writer.  About  200,000,000  lbs.  was  from  the  company's 
own  mines  in  Phoenix  camp.  In  his  report  dated  July  1,  1912, 
Mr.  C.  M.  Campbell,  assistant  superintendent,  included  the  fol- 
lowing information:  Ore  developed  to  date,  14,408,612  tons; 
ore  produced  and  shipped,  7,975,194  tons;  remaining  developed 
ore,  6,433,418  tons.  Labour  troubles  at  the  source  of  the  coke 
supply  necessitated  a  suspension  of  operations  for  four  months, 
of  the  fiscal  year,  so  that  the  year's  production  was  only  723,024 
tons  as  compared  with  1,175,548  tons  for  an  earlier  year  when 
operations  were  uninterrupted.  For  the  last  fiscal  year — 1911- 
1912 — Mr.  Campbell  reported:  "The  average  cost  per  ton, 
including  development,  was  77. 1  cents.  For  the  last  six  months, 
the  period  during  which  the  mine  was  steadily  operated,  the  cost 
was  74.4  cents.  The  average  assay  value  of  the  ore  was: 
Copper,  1.25  per  cent.;  silver,  0.29  oz.,  and  gold  0.043  oz. 
per  ton.  Mr.  W.  A.  Williams,  smeltery  superintendent,  reported, 
in  part:  "We  had  an  average  of  7.09  furnaces  operated  for 
237  days  or  4.58  furnaces  for  the  full  year.  Average  smelt- 
ing cost  for  the  year  was  SI  .256  a  ton  as  against  $1 .  172  for  1911 
and  $1 .  187  for  1910.  Leaving  out  the  months  when  high 
priced  Eastern  coke  had  to  be  used,  the  cost  during  five  months 
was  $1.20  per  ton.  The  ores  were  more  siliceous  this  year 
than  last,  and  slags  were  higher  in  silica.  The  copper  loss  was 
less  than  in  any  previous  year."  In  the  converting  department, 
19,500  tons  of  matte  containing  33.9  per  cent,  copper  was  con- 
verted into  blister  copper.  Cost  of  converting  was  equivalent 
to  SO .  084  per  ton  of  ore  for  the  full  year,  and  SO .  0637  for  the  last 
five  months.  The  average  cost  of  smelting  and  converting 
was  SI  .34  per  ton  of  ore;  for  the  last  five  months  it  was  $1 .264, 
this  having  been  SO. 024  lower  than  for  1911,  and  the  lowest 
cost  for  a  like  period  ever  made  by  the  company.^ 

1  Much  information  concerning  the  Granby  Go's,  mines  at  Phoenix  and 
smelting  works  at  Grand  Forks  may  be  obtained  on  reference  to  the  C.M.I. 
Journal,  as  follows:  Vol.  XI.,  1908,  p.  .392,  "Granby  Mining  Methods," 
by  C.  M.  Campbell;  p.  407,  "  Handling  .3000  tons  of  ore  per  day  at  the  Granby 
Mines  and  Smelter,  Phoenix  and  Grand  Forks,  B.C.,"  by  A.  B.  W.  Hodges; 
Vol.  XII,  1909,  p.  441;  "The  Importance  of  Low  Grade  Boundary  Ores 
in  the  Copper  Production  of  Canada,"  by  A.  B.  W.  Hodges;  Vol.  XIII,  1910, 
p.  273,  "  Recent  Developments  at  the  Granby  Smelter,  "  by  Frank  E.  Lathe. 
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The  accompanying  illustrations  of  Granby  underground 
workings  are  from  photographs  taken  some  months  ago  by  Mr. 
C.  M.  Campbell. 

The  British  Columbia  Copper  Co.^  has  produced  about 
60,000,000  lbs.  of  copper;  probably  more  than  three-fourths 
of  which  was  from  its  Mother  Lode  mine,  near  Greenwood,  and 
the  remainder  chiefly  from  other  Boundary  district  mines  owned 
or  controlled  by  the  Company.  A  general  average  of  net  recov- 
ery of  metals  from  rather  more  than  2,000,000  tons  of  Mother 
Lode  ore  mined  and  smelted  during  ten  years — 1901-1910 — was: 
Copper,  18.689  lbs.,  gold,  0.0466  ozs.,  and  silver  0.1672  ozs. 
per  ton.  Ore  now  being  mined  is  of  lower  metals  content. 
An  approximate  analysis  of  Mother  Lode  ore  is:  Silica,  38  per 
cent.;  lime,  22  per  cent.;  iron,  12  per  cent.;  alumina,  6  per  cent.; 
sulphur,  2  per  cent.  During  thirteen  months  to  the  end  of 
1912,  the  company  smelted  740,589  tons,  consisting  of  443,022 
tons  of  ores  from  its  own  mines,  284,575  tons  of  custom  ores 
(chiefly  from  the  New  Dominion  Copper  Co's.  Rawhide  mine, 
in  Phoenix  camp),  and  12,992  tons  of  converter  slags.  The 
coke  consumed  was  103,154  tons.  Metals  produced  were: 
blister  copper,  11,259,140  lbs.,  containing  11,146,811  lbs.  of 
copper,  25,863  ozs.  of  gold,  and  142,025  ozs.  of  silver.  Aver- 
age analysis  of  slag  was:  Si02  45  per  cent.,  FeO  22  percent. 
CaO  22  per  cent.,  AL  O3  9  per  cent.  The  yield  of  metals  was  less 
per 'ton  in  1912  than  in  any  previous  year.  The  costs  per  ton 
for  ore-handling,  etc.,  was  lower  than  for  any  other  year.  On 
account  of  the  low  yield  the  cost  of  producing  copper  was  12.85 

-  Information  relating  to  some  of  the  company's  mines  and  its  methods 
may  be  found  in  papers  in  the  C.M.I.  Journal  as  follows:  Vol.  X,  1907, 
p.  188,  "The  Emma  Mine,"  by  Frederic  Keffer;  Vol.  XI,  1908,  p.  385,  "Cost 
of  Diamond  Drilling  in  the  Boundary  District,"  by  Frederic  Keffer;  Vol.  XII, 
1909,  p.  437,  "Mining  Methods  and'  Equipment  at  the  Mother  Lode  Mine," 
by  M.  D.  Mcintosh.  An  article  entitled  "Methods  and  Costs,  Mother 
Lode  Mine,  B.C.,"  by  E.  Hibbert,  formerly  mine  superintendent  for  the 
British  Columbia  Copper  Company,  was  printed  in  The  Engincenti<^  and 
Mining  Journal  oi  March  22, 1913,  p.  599,  tells  of  abandonment  of  "gloryhole, 
shrinkage,  and  spiral-raise  systems  of  working  for  room-and-pillar  method. 
Inclines  run  from  a  foot  wall  raise  and  benches  broken  out.  Pillars  broken 
down  by  mammoth  blasts.  Electric  firing  used.  Low  costs  obtained, 
etc."  In  one  blast  2433  holes  were  loaded  with  425  boxes,  or  10  ?^  tons,  of 
40  per  cent,  dynamite,  and  this  blast  broke  down  about  175,000  tons  of  ore. 
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cents  a  lb.  notwithstanding  the  very  low  handhng  costs.  The 
following  table  gives  a  comparison  of  the  principal  items  of  cost 
for  five  years,  1908-1912: 


1908 


1909 


1910 


1911 


1912 


Yield  of  copper  per  ton  of  B.C 
Copper  Co's.  copper-bear-' 
ing  ores jl7.8 

Yield  of  gold  and  silver  perl 
ton  of  B.C.  Copper  Co's.j 
ores ISO. 985 

Average    price    realized    for] 

copper jSO .  13504 

Co?ts  of  producing,  refining, j 
and  marketing  per  poundj 
of  fine  copper,  after  credit-i 
ing  expenditure  with  gold 
and  silver  contents  of  ores.  .SO. 09996 

Costs  per  ton  of  handling  ore,! 
including  all  charges  from; 
ore  in  place  to  sale  of  the! 
contained  metals .S2.632 


17.7 

SI.  03 
•SO.  1308 


18.0 


SI.  23 


16.4 


SI . 133 


12778  SO.  1233 


SO .  09829  SO .  09048 1  SO .  11635 


$2,683     $2,730     $2,882 


13.6 

SO . 762 
$0.16664 

SO. 12855 
$2.4596 


In  addition  to  several  smaller  contributors  to  the  total  out- 
put, other  Boundary  district  producers  were  the  B.  C.  Chartered 
Co.,  whose  output  was  probably  about  10,000,000  lbs. ;  the  Snow- 
shoe  Co.,  with  about  14,000,000  lbs.;  and  the  Dominion  Copper 
Co.,  with  probably  between  30,000,000  and  40,000,000  lbs. 

Approximately  half  of  the  86,000,000  lbs.  from  Rossland 
mines  has  been  produced  by  the  Le  Roi  mine,  while  about  33,000,- 
000  lbs.  has  come  from  the  Centre  Star  group  of  mines,  also  now- 
owned  by  the  Consolidated  Mining  and  Smelting  Co.  of  Canada, 
Ltd.'^  The  Josie  mine,  of  the  Le  Roi  No.  2,  Ltd.,  comes  next  in 
importance  in  this  camp  as  a  producer.  There  is  little  detailed 
information  available  relative  to  the  Consolidated  Co's.  mines, 
so  similar  particulars  to  those  of  Boundary  district  mines  can- 
not now  be  given. 


^  A  paper  on  the  Company's  Copper  Smelting  Department  at  Trail, 
B.C.,  has  been  contributed  to  the  Canadian  Mining  Institute  by  Jas.  Buchanan, 
superintendent  of  the  smeltery.  Ernest  Lev>''s  "Note  on  Mining  and 
Concentrating  Costs  at  Le  Roi  No.  2  Mines"  appears  in  C.M.I.  Journal 
XV,  1912,  p.  505.  Geological  Survey  of  Canada  publication  Xo.  939,  "  Pre- 
liminarv'  Report  on  the  Rossland  Mining  District,"  by  R.  W.  Brock,  is  a 
comprehensive  summary  of  the  geology  and  ore  deposits,  and  production 
prior  to   1906. 
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In  the  Coast  district  the  chief  producers  some  years  ago  were 
the  Tyee  and  Lenora  mines  (the  former  in  much  greater  degree 
than  the  latter)  on  Vancouver  Island,  and  the  Van  Anda  group 
and  Marble  Bay  on  Texada  Island.  The  last-mentioned  only  has 
continued  productive;  its  ore  is  chiefly  bornite,  which  has  been 
mined  to  a  depth  of  more  than  1000  ft.* 

In  later  years  the  Britannia  mines  have  been  the  largest 
producers  of  copper  in  the  district;  last  year  their  production 
was  about  14,300,000  lbs.,  and  a  substantial  increase  is  looked 
for  this  year.  The  Minerals  Separation  Co's.  flotation  process 
has  been  adopted  by  the  Britannia  Co.  and  it  is  believed  it  will 
prove  on  a  large  scale,  as  it  has  already  done  with  a  50-ton  unit 
in  use,  the  best  method  of  concentration  yet  tried  for  the  saving 
of  copper  contained  in  the  siliceous  ore  of  the  Britannia  mines. 

Copper  mines  in  Nelson  district  have  been  unimportant  as 
regards  production  in  recent  years,  but  the  outlook  is  now  favour- 
able for  a  decided  improvement  in  the  early  future.  Space 
restrictions  prevent  particulars  being  given  here  of  a  number 
of  other  mines  in  various  parts  of  the  province  that  have  been  more 
or  less  productive. 

Concluding  Notes. 

Just  two  notes  in  conclusion,  though,  necessarily,  much  else 
has  been  omitted  that  should  have  been  included  were  this  a 
full  review  of  the  subject  having  notice:  The  Granby  Consolida- 
ted Co.  is  busily  engaged  in  opening  on  one  of  the  arms  of  the 
Observatory  inlet,  what  gives  promise  of  proving  an  important 
productive  copper  mine.  The  company's  engineers  estimate  that 
7,000,000  tons  of  ore  is  in  sight  within  the  developed  area  of  the 
Hidden  Creek  mine  being  opened  by  the  company,  and  a  copper 
smeltery  to  have  a  treatment  capacity  of  2000  tons  of  ore  a  day 
is  being  established. 


^  Particulars  of  this  interesting  ore  deposit  are  contained  in  Geological 
Survey  Report  No.  996,  "  Nanaimo  and  New  Westminster  Districts,  "  by  O.  E. 
LeRoy,  issued  in  1907. 


Copper  Mining  in  British  Columbia — Jacobs       583 

The  final  note  is  that  pubhshed  statistics  of  the  Canada 
Department  of  Mines  show  an  aggregate  production  of  copper 
in  the  Dominion  in  all  years  to  the  end  of  1912  of  approximately 
766,000,000  lbs.  British  Columbia's  figures  show  an  aggregate 
for  the  province  of  503,000,000  lbs.  It  seems  quite  reasonable 
to  claim  at  least  60  per  cent,  of  the  production  of  the  whole  Dom- 
inion as  that  of  British  Columbia,  and  still  leave  a  considerable 
margin  as  allowance  for  difference  in  method  of  arriving  at  pro- 
duction. 


ON  THE  ORIGIN  AND  STRUCTURE  OF  THE  CARBON- 
ACEOUS SCHISTS  OF  THE  LAKE  OF  THE  WOODS.* 

By  C.  W.  Greenland,  School  of  Mining,  Kingston. 

"The  existence  of  schists  of  an  eminently  carbonaceous 
character  in  the  Keewatin  series  of  rocks,  is  a  fact  of  considerable 
geological  interest.  The  presence  of  this  carbonaceous  matter 
in  schists  which  form  part  of  a  group  of  rocks,  regarded  by 
lithologists  as  altered  sediments,  is  of  the  greatest  possible 
interest  in  its  bearing  upon  the  question  of  the  earliest  appearance 
of  process  of  elimination  of  carbon  in  the  free  state  at  the  surface 
of  the  earth."  ^ 

During  the  summer  of  1912,  the  writer  acted  as  assistant 
to  Mr.  A.L.  Parsons,  of  the  Ontario  Bureau  of  Mines,  on  geological 
work  in  the  Lake  of  the  Woods  region.  While  there  he  was 
afforded  an  opportunity  to  collect  samples  of  this  very  interest- 
ing schist.  Time  did  not  allow  for  a  very  thorough  examination 
of  the  particular  schists  or  a  very  careful  selection  of  material. 
However,  about  forty  pounds  of  schists  and  associated  rocks 
were    gathered . 

Lawson's  map"  shows  the  general  distribution  of  the  schists, 
which  are  almost  entirely  confined  to  the  Clearwater  and  Ptar- 
migan Bay  region.  Outside  of  this  only  two  or  three  other 
occurrences  are  known,  namely,  one  on  Hay  Island,  and  one  or 
two  farther  south. 

These  schists  occur  in  bands  ranging  from  ten  to  twenty 
feet  in  width,  in  soft  grey  sericite  schists,  into  which  they  appear 
to  merge  across  the  strike.  They  have  never  been  found,  so 
far  as  reported,  to  merge  into  the  sericite  schists,  along  the  strike. 
As  a  matter  of  fact  they  have  been  traced  for  at  least  three  quar- 
ters of  a  mile  in  one  instance.  This  shows  that  they  are  contin- 
uous bands  and  not  mere  lense-shaped  deposits.      The  schists 


*  Students'  Competition,  1913.      Awarded  President's  Gold  Medal  and 
1st  Prize. 

1  A.  C.  Lawson,  C.  G.  S.,     Report  1885,  p.  58,  CC. 

2  To  accompany  G.  S.  C.     Report  1885. 
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themselves  vary  from  hard,  compact,  slaty  material,  some  of 
which  blackens  the  fingers  on  handling,  to  a  black  scoriaceous 
slag  in  which  the  schistose  structure  is  quite  apparent. 

The  appearance  of  the  vesicular  schist  at  once  suggests  a 
gas  blown  lava  or  amygdaloid.  They  are  dull  black  in  colour 
and  the  compact  variety  is  slaty  rather  than  schistose.  The  scor- 
iaceous variety  does  not  split  readily,  but  the  schistose  structure 
can  be  easily  observed  arching  around  the  vesicles.  The  vesicles 
are  occasionally  perfectly  round,  but  in  most  cases  assume 
more  or  less  ellipsoidal  form,  or  are  otherwise  distorted.  They 
vary  in  diameter  from  a  quarter  of  an  inch  down  to  micrsocopic 
size.  The  larger  ones  are  lined  with  a  layer  of  secondary  quartz, 
while  this  lining  cannot  be  seen  in  the  smaller  vesicles.  Some  of 
these  without  the  lining  are  filled  with  a  black  powder,  which, 
on  blow-pipe  tests,  appears  to  be  a  pyrite  residue  consisting  of 
iron  oxide  with  some  carbonaceous  material.  Lawson,  in  de- 
scribing another  occurrence  of  this  kind,  says:'^  "These  cavities 
are  very  generally  filled  with  round  balls  of  iron  pyrites,  which, 
with  a  little  patience,  can  be  picked  out  of  the  schist  in  handfuls. 
These  spherules  of  pyrite  can  be  seen  in  all  stages  of  decomposition 
from  comparatively  fresh,  bright  yellow,  hard  little  balls  com- 
pletely filling  the  cavities,  to  mere  little  aggregations  of  ochre." 
In  the  samples  obtained  by  the  writer  the  decomposition  of  the 
pyrite  had  gone  so  far  that  only  the  residue  remained.  However, 
on  heating  this  residue,  sulphur  dioxide  fumes  could  be  de- 
tected. 

Another  important  characteristic  of  the  series,  which  has 
been  hinted  at  above,  is  the  abundance  of  pyrite.  This  occurs 
in  parts  of  the  carbonaceous  schist  itself,  and  also  in  large  isolated 
crystals  in  the  accompanying  sericite  schist. 

The  outstanding  features  of  the  schists  are  therefore: 

1.  A  well  defined  vesicular  structure. 

2.  An  abundance  of  pyrite,  or  the  evidence  of  its  former 
presence. 

3.  The  presence  of  a  large  amount  of  carbonaceous  matter. 
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Occurrence. 

"On  the  southwest  end  of  Corkscrew  Island,  about  half  a 
mile  north  of  the  narrows  between  this  and  Copper  Island, 
a  bank  of  carbonaceous  schists,  not  more  than  ten  feet  wide, 
runs  through  the  hydromica  schists  into  which,  by  a  diminution 
of  the  proportion  of  carbonaceous  matter,  they  merge  on  either 
side.     The  strike  is  S  80°  E  and  dip  north  80°."  ^ 

The  above  describes  the  rock  from  which  the  writer  secured 
his  material.  The  schists  here  have  the  same  characteristics 
as  described  above. 

This  outcrop  does  not  differ  in  any  respect  from  other 
occurrences,  and  is  therefore  typical.  It  is  about  ten  feet  in 
width  and  although  not  exposed  for  more  than  fifty  feet  along 
the  strike  on  account  of  the  overburden,  other  occurrences  show 
that  it  no  doubt  extends  for  a  considerable  distance  in  either 
direction.  In  what  might  be  termed  the  foot  wall  and  for  three 
or  four  feet  from  its  contact  with  carbonaceous  material,  the  seri- 
cite  contains  large  pyrite  crystals  ranging  from  ^  to  1|  inches 
on  the  edge.  They  are  distorted  cubes  and  resemble  rhombs  in 
some  cases,  and  elongated  cubes  in  others,  according  to  their 
position  as  regards  the  forces  which  produced  their  distortion. 
With  a  little  care,  these  crystals  may  be  removed  unbroken, 
but  a  slight  blow  from  a  hammer  causes  them  to  shatter  into  small 
fragments,  showing  the  effects  of  pressure.     (Fig.  2) 

The  origin  and  structure  of  these  schists  presents  a  difficult 
problem.  A  chemical  analysis  yields  very  little  evidence  as 
to  the  origin.  So  much  alteration  has  taken  place  both  in  the 
removal  of  certain  ingredients,  and  the  introduction  of  others 
that  the  evidence  obtained  from  an  analysis  is  largely  of  a  specul- 
ative nature. 


*  A.  C.  Lawson,  C.  G.  S.     Report  1885,  p.  125. 
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Fig.  1. — General  appearance  of  the  schist  in  the  hand  specimen. 
Note  the  scoriaceous  character 


Fig-  2.— Pyrite  crystal  embedded  in  the  adjoining  sericite  schist. 


Fig.  3. — Micro-photograph  of  the  schist.     Upper  nicol  removed. 
Note  the  shape  of  the  ca\-ities. 


Fig.   5. 
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An  analysis  gives: — 

SiOs 76.10 

Ti02 44 

FeaOa 7.48 

AI2O3 4.14 

CaO 74 

MgO 84 

Sulphur 74 

Carbon 8.24 

Loss  on  heating  to  150°C 10 

The  above  analysis  does  not  agree  with  any  known  igneous 
or  sedimentary  rock.  Its  striking  features  are  the  high  percent- 
age of  silica  and  carbon,  the  high  iron,  and  the  low  sulphur. 
The  last  is  particularly  interesting  since  it  shows  how  completely 
the  pyrite  has  been  removed.  In  place  of  the  pyrite,  silica  has 
been  introduced.  Even  the  percentage  of  iron  present  is  low 
compared  to  the  amount  of  pyrite  that  must  have  been  there 
at  some  stage  in  the  rock's  history.  The  importance  of  this  state- 
ment will  be  observed  later  in  the  explanation  of  the  structure. 
The  remaining  constituents  can  be  accounted  for  by  the  presence 
of  a  little  muscovite,  which  can  be  seen  in  small  fragments 
as  described  under  petrography.     The  Ti02  occurs  as  rutile. 

Petrography. 

Examination  in  thin  section,  shows  that  the  rock  is  com- 
posed, for  the  most  part,  of  quartz  and  carbonaceous  matter. 

"An  examination  shows  it  to  consist  principally  of  carbona- 
ceous material,  in  grains  and  irregular  masses,  arranged  to  some 
degree  parallel  to  the  schist  planes.  The  other  constituent 
is  quartz,  in  grains,  and  here  and  there  in  little  mosaics."'^ 

The  quartz  occurs  in  two  distinct  forms.  First  an  original, 
containing  carbonaceous  matter  in  grains,  and  second  as  the 
lining  of  the  cavities.  The  last  is  free  from  carbon  and  shows 
the  characteristic  wavy  extinction  of  secondary  quartz.  The 
other  constituents  are  muscovite  and  rutile  both  of  which  are 
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present  in  very  small  amounts.  The  muscovite  shows  the 
warped  structure  so  common  in  schists.  The  rutile  occurs  in 
needles  and  needle-like  aggregates.  These  are  very  small  and 
can  be  seen  only  under  the  high  power  microscope. 

In  the  description  of  the  hand  specimen  it  was  noted, 
that  the  smaller  cavities  were  free  from  a  quartz  lining.  Under 
the  microscope,  however,  it  can  be  observed  that  even  the  smallest 
of  the  vesicules  have  a  lining  of  secondary  quartz. 

Suggested  Origins. 

Two  explanations  seem  reasonable  although  both  are  rather 
speculative. 

1.  The  original  bed  may  have  been  of  a  highly  siliceous 
sedimentary  character  containing  organic  matter,  in  which  the 
decomposing  organic  matter  liberated  hydrogen  sulphide  and 
precipitated  iron  sulphide  as  pyrite.  A  large  part  of  the  silica 
present  appears  to  be  original,  and  is  original  so  far  as  the  car- 
bonaceous matter  is  concerned,  for  a  large  part  of  the  carbon 
is  contained  in  it.  Also  the  carbon  seems  to  be  rather  intimately 
associated  with  the  pyrite,  as  was  shown  in  the  consideration 
of  the  residue,  in  the  earlier  part  of  this  paper.  This  may  be  a 
real  association  or  only  an  apparent  one. 

The  associated  sericite  has  been  regarded  as  of  sedimentary 
origin  (noted  in  the  introduction) ;  but  there  are  several  con- 
siderations that  force  one  to  seek  a  different  explanation  for  this 
carbonaceous  material.  In  the  first  place  as  Lawson  points  out, 
the  carbonaceous  schist  is  not  alone  confined  to  the  sericite. 
He  says:  ^  "Associated  with  the  hydromicaceous  group  of  schist, 
although  not  altogether  confined  to  them,  are  a  number  of  very 
small  but  very  interesting  bands  of  carbonaceous  schists.  .  .  .  On 
the  south  side  of  Woodchuch  Bay,  (the  west  end  of  Clearwater 
Bay)  at  a  point  about  a  mile  west  of  Mud  Portage,  the  agglomer- 
ate schists  which  are  there  the  prevailing  rocks,  are  inter- 
bedded  with  small  bands  of  fissle  micaceous  and  hydromi- 
caceous schists.     In  one  of  these  latter  bands  is  a  small  thickness 
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of  black  carbonaceous  schists.  Another  band  of  black  carbona- 
ceous schists  was  observed  interbedded  with  a  fine  grained, 
grey,  apparently  clastic  slate,  on  the  north  side  of  Corkscrew 
Island  near  its  north  eastern  extremity." 

The  writer  would  further  point  out  that  these  occurrences 
do  not  extend  over  a  very  large  area,  but  are  confined  to  the 
Ptarmigan  and  Clearwater  Bay  regions.  This  point  is  ver^'  im- 
portant from  two  standpoints:  (1)  Sedimentary  deposits,  especi- 
ally those  of  organic  origin  are  found  covering  relatively  large 
areas,  and  (2)  the  same  sericites  have  been  identified  elsewhere 
both  in  the  Lake  of  the  Woods  and  Rainy  Lake  regions  as  well  as 
at  other  points  in  Canada.  Yet  this  carbonaceous  schist  has 
not  a  widespread  occurrence.  Only  two  other  occurrences  are 
known  outside  of  those  found  in  the  Lake  of  the  Woods  country, 
namely,  in  the  region  around  Steep  Rock  Lake  near  Port  Arthur^ 
and  near  Duluth,  Minn. 

It  is  not  due  to  lack  of  search  in  this  region  that  they  have 
not  been  found,  because,  perhaps,  no  lake  anywhere  exists 
that  affords  such  splendid  opportunity  for  prospecting.  The 
northern  part  is  thickly  dotted  with  islands,  and,  except  in  few 
places  where  beaches  exist,  the  rocks  are  well  exposed. 

Another  question  that  arises  is  as  to  the  clearcut  and  definite 
character  of  these  beds  although  so  closely  associated  with  the 
sericite.  The  bands,  when  they  can  be  traced,  are  quite  regular 
in  thickness.  There  appears  to  be  a  graduation,  but  on  close 
examination  it  will  be  observed  that  the  change  is  quite  abrupt, 
more  so  in  fact,  than  one  would  expect,  if  they  were  a  part  of  the 
sericite. 

The  writer  would  draw  attention  to  the  form  in  which  the 
carbon  now  occurs.  \"ery  little,  if  any,  is  true  graphite  but 
is  amorphous  carbon  and  can  be  burnt  in  air  at  temperatures  no 
higher  than  a  Bunsen  flame.  It  is  quite  reasonable  to  expect 
that  if  this  were  organic  matter  deposited  simultaneoulsy  with 
these  Keewatin  rocks,  it  would  by  this  time  have  been  converted 
into  true  graphite.  All  our  Archean  rocks  containing  carbon 
at  all,  have  it  in  the  form  of  graphite.  The  presence  of  pyrite 
intimately  associated  with  the  carbon,  while  tending  to  support 
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the  organic  origin  for  the  carbon,  can  be  explained  in  another  way 
as  will  be  done  in  the  second  theory  for  origin.  The  pyrite  exists 
in  large  well  formed  crystals,  distorted  it  is  true,  but  not  nearly 
as  shattered  as  one  would  expect  them  to  be  had  they  been  sub- 
jected to  the  same  forces  that  rendered  the  rock  schistose.  From 
a  study  of  the  pyrite  it  is  easily  seen  that  the  rock  must  have  un- 
dergone two  periods  of  compression.  In  other  words  the  pyrite 
was  introduced  after  the  first  period,  and,  if  the  carbon  is  simul- 
taneous with  the  pyrite,  it  cannot  have  been  present  in  the  orig- 
inal bed.  However,  as  was  pointed  out  before,  the  association 
of  the  pyrite  and  carbon  may  be  only  apparent  and  not  real. 

A  description  of  an  occurence  of  a  carbonaceous  schist 
which  resembles  that  of  the  Lake  of  the  Woods  is  published  by 
the  New  Zealand  Geological  Survey^  as  follows: — 

"Graphite  schists,  p.  42. — The  graphite  schists  which  appar- 
ently represent  a  phase  of  metamorphism  of  the  carbonaceous 
argillites,  more  extreme  than  that  of  the  graphite  phyllites 
later  to  be  described,  are  highly  crenulated  blue-black  rocks. 
They  consist  almost  entirely  of  very  fine  quartz  and  graphite 
with  small  amounts  of  micaceous  minerals  and  of  pyrite. 

"P.  44.  The  dark  coloured  phyllites  generally  contain 
graphite  and  some  of  them  are  black  with  this  mineral.  A 
specimen  from  Silver  Stream  contained  4.63%  of  carbonaceous 
matter.  Often  they  include  a  great  deal  of  pyrite  which  some- 
times develops  into  beautiful  idiomorphic  crystals  along  the  cleav- 
age planes." 

The  above  description  is  remarkably  applicable  to  our  sup- 
posedly sedimentary  bed.  The  pyrite  has  not  yet  been  removed 
and  hence  no  secondary  silica  was  deposited  from  solution  to 
fill  up  the  spaces  left  by  the  pyrite.  The  significance  of  this  last 
statement  will  be  made  clear  in  the  part  of  this  paper  dealing 
with  the  structure. 

The  author  does  not,  apparently,  give  any  age  to  these 
graphitic  schists  of  New  Zealand  beyond  noting  that  they  are 
older  than  Ordivician. 


8  New  Zealand  Geological  Survey.     Bull.   No.  3.     New  Series,  pp.  42 
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2.  An  alternative  hypothesis  of  inorganic  origin  for  the 
carbonaceous  matter  in  these  schists  follows.  An  original  bed 
quite  distinct  and  separate  from  the  accompanying  sericite,  is 
presupposed,  as  well  as  the  later  introduction  of  the  carbon- 
aceous matter  from  solution. 


Fig.  4 
Diagram  representing  Structure 

From  a  consideration  of  the  associations  in  the  field,  together 
with  the  data  derived  from  the  chemical  analysis  and  petro- 
graphical  study,  a  tuff  is  suggested.  In  advancing  this  theory 
the  following  points  are  important.  We  know  that  tuff  beds  are 
local  in  that  they  are  confined  to  the  vicinity  of  their  origin 
and  do  not  cover  large  areas.  As  a  rule  they  are  uniform  in 
thickness  and  are  not  laid  down  to  great  depths.  On  account  of 
their  porosity,  tuff  beds  afford  excellent  avenues  for  circulating 
solutions.  This  last  point  is  of  special  interest  when  one  considers 
how  unique  and  distinctive  these  carbonaceous  schists  are.  Im- 
mediately the  question  arises  as  to  why  the  carbonaceous  matter 
is  confined  to  such  narrow  bands,  unless  these  had  some  marked 
difference  in  structure  from  their  surroundings.  Further,  a 
large  part  of  the  associated  rocks  have  been  recognized  as  volcanic 
in  origin,  e.g.,  the  agglomerates,  altered  traps  and  porphyries. 
Tuffs  would  therefore  be  a  natural  accompaniment. 

The  chemical  analysis  though  not  agreeing  absolutely,  ap- 
proaches that  of  a  tuff.  And  when  we  consider  the  alterations 
that  may  have  taken  place  during  metamorphism,  the  discrep- 
ancy is  not  greater  than  we  might  expect.  The  original  silica 
has  been  recrystallized  along  with  some  derived  from  decomposed 
silicates.     The  last  remnant  of  musco\'ite  in  the  altered  rock 
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suggests  the  former  presence  of  feldspar.  Most  of  the  calcium, 
magnesium  and  iron  of  the  basic  minerals  have  been  completely 
removed,  along  with  the  alkalis.  Practically  all  of  the  iron 
now  contained  in  the  black  schists  is  in  the  form  of  the  oxide 
or  sulphide.  Rutile  is  also  present.  Concerning  rutile,  Van  Hise^ 
says:  "Rutile  is  a  pyrogenic  constituent  in  igneous  rocks, 
and  has  a  widespread  occurrence  in  the  clastic  and  metamorphic 
rocks,  both  as  an  allogenic  and  as  an  autogenic  constituent  in  the 
latter  case  generally  being  derived  from  ilmenite. — Rutile  is 
also  derived  from  brookite,  ilmenite,  octahedrite  and  titanite." 
Lawson  mentions  the  fact  that  titanium  is  found  in  many  of  the 
rocks  in  that  region.  The  writer  found  0 .  88%  Ti02  in  a  specimen 
of  the  sericite  adjoining  the  carbonaceous  schists, 

The  presence  of  titanium  is  therefore  not  of  special  import- 
ance since  it  has  a  widespread  occurrence  in  all  the  schists  of  this 
series.  The  porosity  of  a  tuff,  while  aiding  deposition,  would 
also  aid  materially  the  removal  of  the  original  constituents. 

Another  point  favouring  an  inorganic  origin  for  the  carbona- 
ceous matter  lies  in  the  fact  that  no  fossil  remains,  or  anything 
that  resembles  them,  have  ever  been  found.  Of  course,  as  Van 
Hise  and  Leith^^  point  out:  "There  is  no  satisfactory  evidence 
of  the  existence  of  life  previous  to  the  deposition  of  the  Huronian," 
our  knowledge  of  life  at  this  time  is  very  limited. 

Another  evidence  of  the  introduction  of  the  carbon  later 
than  the  rock  itself  is  seen  in  an  examination  of  a  thin  section. 
The  carbonaceous  matter  occurs  in  irregular  grains  and  does 
not  appear  to  have  ever  been  subjected  to  any  great  amount  of 
compression.  True,  some  of  it  is  platy,  especially  along  the  schist 
planes,  but  this  might  have  been  produced  by  the  second  period 
of  compression  referred  to  above  in  the  discussion  of  the  de- 
formation of  the  pyrite  crystals. 

There  is  a  great  diversity  of  opinion  among  geologists 
regarding  the  production  of  carbon  in  the  free  state  in  igneous 
rocks.  In  the  form  of  graphite  in  igneous  rocks  and  veins  it 
is  just  as  truly  a  primary  constituent  as  a  quartz.  Now  one  of 
its  most  important  uses,  namely  for  crucible  making,  depends 


Treatise  on  Metamorphism,  C.  R.  Van  Hise,  p.  230. 
Pre-Cambrian  Geol.  of  North  America,  Bull.  360  U.S.G.S.,  p.  86. 


GR.\XBY  STOPES 

On  July  1st.  1912  the  ore  shipped  from  the  Granby  mines  in  Phoenix,  B.  C, 
had  amounted  to  7,975,196  tons.  By  far  the  greater  part  of  this  was  from 
underground  workings  and  the  result  has  been  some  very  large  stopes.  An 
attempt  has  been  made  in  the  accompanying  photographs  to  suggest  the 
magnitude   of  these   stopes. — C.  M.  Campbell. 


Photo  by  C.  M.   Caiiiphe/, 

No.  1.  Granby  Main  Stope,   Gold  Drop  Mine,  South  Side. 


Photii  by  C.  M.  Catnpb.li. 

Xo.  4. — Granljy  main  stopc,  Gold^Drop  mine.  This  photograph,  and  also 
photo  No.  3  show  this  stope  with  the  two  central  pillars  removed.  These 
pillars  are  shown  in  the  centre  and  on  the  left  in  photo  No.  1,  and  on  the 
right  in  photo  No.  2.  This  stope  now  has  a  maximum  length  of  350  feet, 
and  in  places  is  more  than  100  feet  high  and  150  feet  wide.  Practically  all 
the  ore,  amounting  to  about  400,000  tons  has  been  extracted. 
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Pholo  by  C.  M.  Campbell. 

Xo.  2.  Granby  main  stope,  Gold  Drop  mine,  north  side. 
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Phoh,  by  C.  M.  Cam/hf/L 

No.  5.   Granby  slopes  above  No.  1.  tunnel,  near  surface.— Knob  Hill — Old 

Ironsides  mine. 


Pliolo  by  C.  .1/.  Cam t bell. 

No.  6.  A  Granby  stopc,  showing  Carman  at  work. 
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I'holo  by  C.  .1/.  Campbell. 


Photo  by  C.  A/.  Cuii/pbc// 

No.  9. — Granby  stopes  above  400-foot  level.  This    is    the   same    view   as 
photo  No.  8.  but  the  central  part  is  shown  in  greater  detail. 
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chell^^  in  a  paper  discussing  a  gra 
Here  he  suggests  the  possibility  of  gra, 
composition  of  o.xides  of  carbon.  To  t 
of  these  oxides  present,  he  notes  the  foil 
presence  of  carbon  compounds  in  conn 
emanations  and  igneous  intrusives.  (2)  Ti 
compounds  for  oxygen  when  not  alread>-  combined  with  it. 
(3)  Carbon  combines  with  water  vapour  at  temperatures  above 
500  to  650°C.  as  shown  by  the  following  equations: — 


^ction   between   the 

lescribed  by  Win- 

^it   in   Montana. 

tion  by  the  de- 

'arge  amounts 

^s:     (1)  The 

h    volcanic 

•initv  of  carbon 


C     +  2H,0  =  CO.  +  2Ho 
2C  +  2HoO  =  2C6  +  2H2 

(4)  Oxides  of  carbon  certainly  exist  in  magmas,  since  we  find 
them  as  occluded  gases  in  igneous  rocks  and   also  in  volcanic 
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emanations.  Winchell  then  goes  on  to  show  how  some  reducing 
agent  as  hydrogen  may  deoxidize  the  carbon  dioxide  and  carbon 
monoxide,  with  the  formation  of  carbon  and  water  as  shown 
by  the  reversible  reactions : — 

(1)  C    +  2H2O  =  CO2  +  2H2 

(2)  2C  +  2H2O  =  2C0  +  2H2 

Below  900°C  the  reaction  2C0  +  2H2O  =  2  C02  +  2H2  tends  to 
produce  CO2  and  hydrogen.  Below  oOO°C  the  COo  and  hydrogen 
thus  produced  tend  to  react  to  produce  water  and  C  (graphite). 

Another  manner  in  which  the  carbon  may  have  been  pro- 
duced, is  suggested  by  the  experiments  of  Boudouard,  also  referred 
to  by  Winchell.  He  showed  that  "CO  on  cooling  from  1000°C 
to  500°C  broke  up  into  CO2  and  carbons.  In  this  case,  the  car- 
bon produced  was  in  the  form  of  lamp-black.  However,  this 
was  possibly  due  to  pressure  conditions."  ^^ 

In  attempting  to  apply  either  of  the  last  theories  for  the 
formation  of  carbon,  the  writer  would  point  out  that,  while  it 
is  true  that  no  large  igneous  intrusive  is  exposed  close  to  these 
schists,  work  in  the  field  shows  that  the  whole  series  is  underlaid 
at  no  great  depth  by  an  extension  of  the  great  boss  found  in  the 
region  south  of  Echo  Bay.  Minor  intrusions  of  granite  dykes 
which  are  much  too  small  to  be  mapped  are  quite  common. 
From  the  general  structural  features  of  the  rocks  the  existence 
of  an  intrusive  body  at  no  great  depth  is  quite  apparent. 

In  the  case  being  dealt  with  there  is  no  doubt  that  large 
quantities  of  oxides  of  carbon  existed.  All  the  rocks  of  the  region 
are  highly  impregnated  with  carbonates  in  the  form  of  ankerite, 
siderite  and  ferro-dolomite.  These  lens-shaped  deposits  often 
reach  large  dimensions.  Commonly  the  peripheries  of  the 
ellipses  in  the  ellipsoidal  traps  have  a  lining  of  carbonate  mater- 
ial. Again  the  sericites  themselves  are  highly  charged  with 
carbonates  of  calcium,  magnesium  and  iron.  There  is  no  doubt 
that  all  this  carbonate  material  was  deposited  from  solutions, 
given  off  by  the  underlying  igneous  mass. 
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To  summarize  then,  we  have  a  porous  bed  which  was  folded 
in  the  general  uplift  of  the  whole  region.  It  was  no  doubt  sug- 
jected  to  immense  compression  and  although  rendered  schistose 
and  more  or  less  compacted  still  retained  much  of  its  original 
permeability.  Accompanying  the  granitic  intrusion  were  highly 
heated  mineral-bearing  solutions  containing  large  quantities 
of  carbonate  materials,  in  addition  to  other  compounds.  Upon 
reaching  these  beds  which  were  more  porous  than  the  surround- 
ings, the  pressures  were  decreased  and  the  temperatures  lowered. 
This  resulted  in  the  deposition  of  the  carbon  in  a  manner  as  sug- 
gested in  Winchell's  theory.  Probably  simultaneously  with  this 
the  pyrite  was  deposited  by  the  reduction  of  iron  sulphate  in 
the  presence  of  nascent  hydrogen.  At  the  same  time  the  sur- 
rounding rocks  were  impregnated  with  carbonates  of  iron, 
calcium  and  magnesium. 

In  conclusion,  on  the  origin,  the  writer  would  point  out  that 
the  evidences  at  hand  favour  an  inorganic  origin  for  the  carbona- 
ceous matter  whatever  may  have  been  the  original  nature  of  the 
containing  bands.  Howe\"er,  like  the  majority  of  the  problems 
in  the  Keewatin  series  of  rocks,  an  explanation  for  this  occurrence 
is  largely  a  matter  of  conjecture. 

On  the  Structure. 

The  peculiar  structure  developed  in  this  black  carbonaceous 
schist  is  ver\-  interesting  and  unique.  At  first  sight  a  gas  blown 
lava  or  slag  immediately  suggests  itself,  but  on  closer  and  more 
detailed  examination  it  is  seen  that  quite  a  different  explanation 
fits  the  case. 

In  a  short  paragraph  dealing  with  the  structure  of  the  schist, 
Lawson  points  out  the  possibility  of  solution  as  an  explanation 
for  its  vesicular  appearance.  However,  the  idea  obtained 
from  his  discussion  leads  one  to  believe  that  the  pyrite  was  depos- 
ited in  the  schist  in  round,  concretionary  balls  and  by  its  later 
removal  the  schist  was  given  a  scoriaceous  structure.  On  the 
contrary  it  is  the  opinion  of  the  writer  that,  although  solution 
played  an  important  part  in  the  development  of  the  structure, 
it  was  the  deposition  of  secondary-  silica  that  brought  it  to  com- 
pletion. 
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In  the  accompanying  micro-photographs  of  a  thin  section 
cut  at  right  angles  to  the  planes  of  schistosity,  the  black  portions 
are  original  quartz  charged  with  carbonaceous  matter.  The  white 
parts  are  secondary  silica  which  has  lined  the  circular  cavities. 
It  will  be  seen  that  these  white  portions  are  more  or  less  diamond 
shaped,  i.e.,  the  shape  of  a  cross  section  of  a  crushed  cube. 
Near  the  centre  of  these  we  find  cavities  which  give  the  vesicular 
structure  to  the  schists. 

A  diagram  will  help  to  show  what  has  occurred. 


■'.■-■.'*J^:9--^l'ki''..-^A'  I 


II! 


Fig.  5. — Enlargement  of  Fig.  3.     Shows  the  diamond  shaped,  quartz- 
filled  casts. 


The  explanation  of  this  is  quite  simple.     The  pyrite  depos- 
ited from  solution,  was  distorted  during  the  second  period  of 
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compression  already  described;  later  it  was  removed  and  silica 
deposited  in  its  place.  In  reality  the  silica  is  an  incomplete 
pseudomorph  of  quartz  after  pyrite.  To  explain  why  a  cavity, 
more  or  less  circular,  should  be  left,  we  may  refer  to  the  process 
which  goes  on  in  agate  growth.  In  this  connection  the  secondary 
agate  tends  to  become  circular  as  it  approaches  the  centre,  no 
matter  how  distorted  the  original  cavity  might  have  been.  Fur- 
ther by  the  action  of  capillarity,  the  solution  containing  the  silica 
would  tend  to  gather  in  the  narrowest  parts  of  the  cavity  being 
filled.  This  would  cause  a  more  rapid  deposition  of  the  silica 
in  the  corners  or  acute  angles,  and  as  a  result  the  surface  of  de- 
position would  become  spherical  as  it  advanced  from  the  walls 
towards  the  centre.  This  would  be  especially  true  if  the  material 
was  deposited  from  circulating  solutions,  rather  than  those 
that  saturated  the  rocks  and  remained  more  or  less  stationary. 

In  the  case  in  question  the  deposition  has  not  completely 
filled  the  cavity  and  hence  the  resulting  more  or  less  spherical 
hole. 

To  substantiate  this  view,  one  might  note  the  following 
points:  (1)  The  cavities  have  no  regularity  of  position,  but  are 
found  at  random  throughout  the  schist.  (2)  The  planes  of  schis- 
tosity  arch  around  the  secondary  siliceous  fillings  just  as  we 
observe  them  in  pyrite  shcists.  (3)  Often  the  diamond  shaped 
casts  are  intergrown  as  in  common  pyrite  schists.  (4)  In  several 
places  in  the  Lake  of  the  Woods  region,  the  writer  has  observed 
seams  filled  with  closely  packed,  perfectly  formed  pyrite  cubes. 
From  the  weathered  outcrops  they  look  like  veins,  and  some  of 
them  have  been  staked  as  such.  (5)  The  adjoining  band  of 
sericite  schist,  forming  the  foot  wall  of  the  carbonaceous  variety, 
is  filled  with  these  distorted  pyrite  cubes. 

To  conclude,  on  the  structure,  the  process  was  one  of  removal 
of  the  pyrite  and  the  subsequent  infiltration  of  the  silica.  The 
action,  no  doubt,  is  still  in  progress  at  the  lower  depths. 
If  this  were  to  continue  for  a  long  enough  period,  the  result  would 
be  a  completely  re-cemented  band  of  cherty  material  containing 
carbonaceous  matter. 


THE   MOYIE  SILLS.* 
By  P.  P.  Bailey,  McGill  University,  Montreal. 

The  sills  from  which  this  paper  takes  its  title  are  situated 
in  the  southern  portion  of  the  Purcell  mountain  range  in  the  East 
Kootenay  district  of  British  Columbia.  They  lie  for  the  most 
part  on  the  western  slope  of  the  steep  hill  to  the  west  of  Kings- 
gate,  where  the  Spokane  and  International  railway  crosses  the 
boundary.  Their  special  interest  to  geologists  lies  in  the  fact 
that  some  of  the  sills  display  gradation  from  a  basic  hornblende, 
gabbro  through  ciuartz-diorite  to  an  acid  phase  of  granophyr. 

The  Purcell  range  is  composed  almost  exclusively  of  rocks 
of  pre-Cambrian  age,  separable  into  three  formations:  Aldridge, 
the  oldest,  Creston  and  Siyeh.  These  formations  are  made  up 
of  an  enormous  thickness  of  quartzites,  siliceous  argillites,  sand- 
stones, and  a  small  quantity  of  siliceous  limestone.  The  strata 
vary  in  thickness  from  one  fiftieth  of  an  inch  to  3  feet  or  more, 
and  in  many  cases  are  exceedingly  massive.  At  frequent  inter- 
vals in  the  Aldridge  formation  occur  sills  ranging  in  thickness 
from  2  feet  to  as  much  as  2,000  feet.  Sills  of  such  thickness  are 
rare  in  the  Creston  formation,  and  unknown  in  the  Siyeh  the 
upper  limit  of  which  is  marked  by  a  series  of  submarine  lava 
flows,  thus  precluding  the  appearance  of  sills  in  the  gateway 
formation,  which  succeeds  the  Siyeh. 

It  is  amongst  the  lower  series  of  sills  that  those  at  Kingsgate 
are  found.  The  Moyie  sills  are  situated  in  a  downfaulted  block 
of  the  Aldridge  quartzites,  which  are  here  of  a  slightly  argillaceous 
nature,  and  weather  with  a  light  brownish  grey  colouring.  A 
more  characteristic  type  of  the  formation  may  be  seen  on  the 
other  side  of  the  valley  to  the  westward,  where  the  rocks  weather 
a  rusty  brown  owing  to  their  high  content  of  iron.  The  rusty 
weathering  is  the  prominent  feature  of  the  Aldridge  rocks. 
Along  the  East  side  of  the  mountain  in  the  Moyie  river  valley, 
runs  a  line  of  major  faulting  separating  the  Aldridge  block  from 
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what  may  be  termed  the  south-east  Kootenay  anticHne,  stretch- 
ing, as  it  does,  over  the  whole  breadth  of  the  range.  On  the  west 
side  there  is  a  fault  running  north  and  south  in  the  valley,  and 
coming  over  the  ridge  at  the  entrance  to  the  latter  at  a  small 
niche  in  the  side  of  the  hill.  The  fault  block  has  a  general  dip 
of  about  65°  to  the  east. 

Petrology. 

The  Purcell  sills,  as  those  in  the  series  are  generally  known, 
range  from  a  hypersthene  gabbro  to  an  acid  granophyr, 
and  in  different  localities  show  all  the  intermediate  types.  In 
the  St.  Mary's  district  to  the  north  of  Cranbrook  there  are  many 
examples  of  the  sills,  both  in  their  normal  phase,  and  in  the  acidic. 
A  specially  fine  instance  occurs  in  a  sill  140  feet  thick  in  the 
Bootley  basin.  One  mile  west  of  Kitchener  on  the  Crowsnest 
branch  of  the  Canadian  Pacific  railway  occurs  a  sill  which  has 
upper  and  lower  basic  contacts,  and  a  centre  of  more  acidic  rock. 

The  rock  is  as  a  general  rule  of  a  fine  grained  porphyritic 
character,  though  in  the  thick  sills  towards  the  centre  the  cry- 
stallisation is  often  of  a  more  coarse  description.  One  espec- 
ially noticeable  feature  is  that  the  thickness  of  granophyr 
grading  into  hornblende-gabbro  bears  no  relation  whatever  to 
that  of  the  sills.  The  rock  is  often  considerably  decomposed 
on  the  surface,  but  being  of  a  very  tough  and  unyielding  nature, 
it  weathers  out  as  a  rule  in  cliffs  and  ridges  on  the  hills.  Some- 
times, when  the  granophyr  occurs  in  the  centre  of  the  sills,  it  is 
found  to  grade  up  into  quartz-diorite  and  gabbro. 

The  rock  found  in  the  sills  may  be  arbitrarily  divided  into 
four  main  types: — 

Hyper sthene-gahhro. — This  is  a  grey  crystalline  rock  of 
granitic  texture.  It  consists  principally  of  plagioclase  and  augite, 
which  are  visible  in  the  hand  specimens.  In  the  fresh  rock  the 
feldspars  are  particularly  clear  and  glassy  on  fracture;  in  fact, 
these  sills  are  extraordinarily  fresh  in  appearance  considering  their 
vast  age.  The  rock  has  been  examined  microscopically,  and  as 
a  result  of  this  examination,  it  has  been  found  that  the  princi- 
pal constituents   are    labradorite    and    pyroxene.     The    former 
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occurs  in  lath-shaped  individuals  which  show  carlsbad,  pericline, 
and  albite  twinning.  The  pyroxene  fills  the  interstices  between 
the  crystals  of  feldspar,  and  consists  of  two  species — hypersthene 
and  augite.  The  augite  is  colourless  and  shows  no  pleochroism. 
Throughout  all  stages  of  the  rock  uralitization  is  common.  The 
alteration  of  pyroxene  to  uralite,  as  this  form  of  hornblende  is 
known,  is  extremely  frequent  in  mediosilicic  and  subsilicic  rocks, 
such  as  diabase  and  gabbro.  In  this  instance  crystals  of  horn- 
blende are  also  found  containing  a  core  of  augite.  A  comparable 
case  may  be  cited  from  the  Scourie  dyke  in  Sutherlandshire, 
Scotland,  where  a  dolerite  has  changed,  first  to  a  massive  horn- 
blende rock,  and  later  to  a  hornblende  schist.  In  the  Purcell 
sills  the  hornblende  in  contact  with  labradorite  shows  a  pleo- 
chroism which  certainly  points  to  its  being  of  secondary  origin, 
and  it  is  found  throughout  the  rock  all  to  be  of  this  description. 
The  hypersthene  is  about  equal  in  amount  to  the  augite.  It 
shows  a  faint  pink  pleochroism,  and  gives  indications  of  a  decided 
tendency  to  turn  to  hornblende.  The  feldspars  often  show  incip- 
ient sericitization,  being  clouded  with  dust-like  particles  of  the 
mineral.  They  are  slowly  being  metamorphosed  into  the  compact 
fibrous  variety  of  muscovite,  which  has  rather  a  talcose  appear- 
ance. Many  cases  of  metamorphism  of  this  kind  have  been 
noticed  in  granite,  quartz-porphyry,  and  diabase. 

The  following  analyses  show  the  composition  of  these  rocks:— 


Plagioclasc- 

Hornblende 

Purcell  hyper- 

pyroxene  rock 

schist   derived 

Analyses 

sthene  gabbro 

of 

from  Scourie 

Scourie  dyke 

dyke-rock 

I 

II 

III 

SiOo 

50.36 

47.45 

49.78 

TiOo 

0.90 

1.47 

2.22 

AloOs 

16.63 

14.83 

13.13 

FeoOs 

2.22 

2.47 

4.35 

FeO 

8.38 

14.71 

11.71 

MnO 

0.20 

MgO 

8.67 

5.00 

5.40 

CaO 

11.50 

8.87 

8.92 

Na:>0 

2.54 

2.97 

2.39 

K2O 

0.75 

0.99 

1.05 

H2O 

0.71 

1.00 

1.14 

P2O5 

0.07 

CO 

0.36 

0.10 

S.  G. 

2.970 

3.10 

3.10 
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Hornblende- gabbro . — This  rock  is  a  very  common  variation 
of  the  previous  type  formed  by  decomposition,  the  pyroxene  being 
replaced  by  fibrous  hornblende.  This  hornblende  as  before 
displays  the  characteristic  pleochroism  of  a  secondary  horn- 
blende, nearly  greenish  blue  parallel  to  "C",  dark  green  parallel 
to  "B",  and  pale  yellowish  green  parallel  to  "A".  In  this  rock 
quartz  is  found  to  be  considerably  more  abundant,  and  micro- 
pegmatite  occurs  as  interstitial  material.  Epidote  and  calcite 
are  present  as  alteration  products  of  the  feldspars.  In  fact  the 
rock  is  of  a  more  acid  nature,  and  considerably  more  metamor- 
phosed. Many  of  the  sills  of  this  type  have  a  distinctly  banded 
appearance  when  thick,  due  to  aggregations  of  light  coloured 
acid  "schlieren"  near  the  centre  trending  in  lines  parallel  to 
the  upper  and  lower  surfaces  of  the  sills.  A  similar  appearance 
has  been  noted  in  the  sills  of  Skve  by  A.  Harker.  The  quartz 
and  feldspars  are  pegmatitic  in  character,  and  in  certain  masses 
within  the  sills  there  is  a  decided  granitic  phase;  long  needles 
of  hornblende  are  enclosed  in  the  micropegmatite.  The  latter 
is  itself  of  some  special  interest  since,  contrary  to  the  usual 
habit,  the  quartz  within  it  encloses  the  feldspar,  a  by  no  means 
common  feature. 

The  following  analysis  shows  the  composition  of  the  horn- 
blende-gabbro :— 


Analysis 

Purccll 

Hornblende 

Gabbro 

I 

Si  o.                                                                   

51.92 

Ti  Oo 

1.83 

Al'Oa 
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CaO 

11.53 

NaoO 

1.38 

K'O 

0.47 

H-O— . . .                                                           

0.10 

H>0+ 

1.07 

P0O5      

0.04 

CO-          

0.06 

S.  G 

3.000 
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Quart  z-diorite. — By  a  gradual  increase  in  the  amount  of 
quartz  and  micropegmatite  in  the  last  type  of  rock,  a  quartz- 
diorite  is  obtained.  This  is  of  a  light  greenish  grey  colour,  and  the 
hand  specimen  shows  quartz,  feldspar,  hornblende,  and  biotite 
mica.  The  hornblende  displays  the  same  microscopical 
character  as  that  in  the  other  types.  The  feldspar  consists  of 
plagioclase  andesine-labradorite  for  the  most  part.  Chlorite 
and  zoisite  are  present  as  secondary  minerals,  and  some  saussurite 
is  probably  present.  A  rather  similarly  altered  gabbro  appears 
at  Sturgeon  Falls,  Michigan;  the  principal  constituents  of  which 
are  saussurite  derived  from  plagioclase;  hornblende,  partly 
secondary;  diallage;  and  a  little  ilmenite,  with  some  calcite, 
quartz,  and  chlorite.  By  being  further  altered  this  rock  becomes 
a  schist,  containing  partly  sericitized  feldspar,  secondary  quartz, 
calcite  and  chlorite. 

The  following  analyses  show  the  character  of  the  rocks  men- 
tioned : — 


Purcell  quartz 
diorite 

Fresher   form 

of 

Sturgeon  Falls 

gabbro 

Altered   form 
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gabbro 
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II 

III 
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0.62 
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2.86 

10.72 
0.43 
4.33 
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1.41 
2.27 
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0.33 
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3.30 

0.20 

38.05 
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AloOs 

24.73 

Fe203 

5.65 

Fe  0 

6.08 

MnO 

Me  0      

11.58 

Ca  0 

1.25 

NaoO 

2.54 

K2O    

1.94 

HoO—          

H2O 

7.53 

P2O5 

C  O2  

0.93 

Granophyr. — A  gradual  further  increase  of  quartz  and  micro- 
pegmatite  and  a  decrease  in  plagioclase  and  hornblende  changes 
the  rock  to    a  granophyr.     The  distribution  of  material  in  the 
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rock  resembles  very  closely  that  in  the  Shonkinsag,  Highwood 
Mts.,  Montana,  and  Square  Butte,  N.  Dakota,  recorded  by 
L.  V.  Pirsson  of  the  United  States  Geological  Survey.  The 
hand  specimen  shows  a  fine  grained  hoIocrystalHne  rock  of  a 
pinkish  grey  colour.  It  is  usually  by  this  colour  that  the  gran- 
ite may  most  readily  be  distinguished.  Biotite,  quartz,  and  felds- 
par may  be  detected.  Under  the  microscope  may  be  seen  quartz, 
biotite,  micropegmatite,  microperthite,  and  a  feldspar  which  is 
probably  andesine.  The  rock  is  characteristically  of  a  very 
quartzose  nature.  Andesine-labradorite  are  present  in  small 
quantities.  In  some  rare  instances  rod-like  forms  of  muscovite 
are  found.  Small  quantities  of  ilmenite  and  magnetite  occur  in 
the  rock,  and  occasionally  apatite  and  minute  crystals  of  garnet 
are  found. 

The  following  analysis  shouts  the  chemical  composition  of 
this  rock: — 


Analysis 

Purcell 
Granophyr 

I 

Si  0" 

71  69 

Ti  O' 

0  59 

AI0O3 

13  29 

Fe-O;? 

0  83 

Fe  0 

4.23 

MnO 

0  99 

Mg  0 

1.28 

CaO 

1.66 

XaoO 

2  4S 

K-0 

2  37 

H>0— 

0.14 

HoO-f 

1  31 

PoOs 

0  07 

C  O2 

0.13 

S.  G 

2.773 

The  four  types  enumerated  will  cover  all  the  variations  of 
the  rock  in  the  Purcell  sills.  Throughout  the  whole  district 
the  sills  have  been  subjected  to  all  the  orogenetic  influences 
from  which  the  strata  have  suffered,  and  consequently  in  many 
cases  are  severely  twisted  and  distorted. 
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Met  amorphic  effects. — The  exometamorphic  effect  of  the 
sills  is  surprisingly  small;  many  sills  appear  to  have  no  effect 
on  the  adjacent  sediments.  The  maximum  alteration  due  to 
the  presence  of  the  sills  consists  in  the  impregnation  of  the  sur- 
rounding quartzites  with  hornblende,  and  a  general  transference 
of  femic  constituents  for  about  a  foot  from  the  contact,  while 
the  beds  may  be  baked  to  a  chert  for  a  distance  of  three  feet  from 
the  sill. 

The  Moyie  sills. — The  Moyie  sills  themselves  do  not  dis- 
play the  most  basic  kind  of  rock.  A  hornblende  gabbro  is  the 
principal  type,  though  in  several  places  this  is  threaded  by  many 
"schlieren"  of  much  more  acidic  material.  Along  the  boundary 
line  a  good  section  may  be  made  from  the  west  side  of  the  hill. 
Here  it  will  be  found  that  there  are  four  sills,  though  possibly 
one  of  them  may  be  compound,  a  sill  "A"  having  an  upper  gabbro 
zone  26  feet  thick  with  a  specific  gravity  of  2.96;  a  granite  in- 
terior with  a  specific  gravity  of  2.76;  and  a  lower  gabbro  zone 
29  feet  thick  with  a  specific  gravity  of  2.97.  There  follow  80 
feet  of  quartzites  and  then:  a  sill  "B"  30  feet  thick,  consist- 
ing solely  of  basic  gabbro  with  a  specific  gravity  of  2.93.  This 
is  succeeded  by  670  feet  of  quartzites.  Then  follows  a  sill 
"C"  910  feet  thick;  an  upper  granitic  zone,  specific  gravity 
2.74,  310  feet  thick;  and  a  lower  gabbro  zone  of  590  feet 
thickness  and  specific  gravity  2.99.  Over  the  crest  of  the 
hill  is  a  sill  "D"  of  unknown  thickness. 

A  section  has  also  been  made  about  one  mile  north  of  the 
boundary  slash  across  the  end  of  the  hill.  Five  sills  were  found 
in  this  section  as  follows:  Sill  No.  1,  about  540  feet  thick,  having 
a  lower  gabbro  zone  some  320  feet  thick,  grading  into  200  feet 
of  granite.  This  was  followed  by  950-1000  feet  of  sediments 
apparently,  though  paucity  of  outcrops  may  have  prevented  the 
locating  of  further  sills. 

Sill  No.  2,  20  feet  thick;  a  purely  gabbro  sill,  no  granite 
being  found  in  it  whatever.  Next  there  comes  a  thick  band, 
50  feet  or  so  thick,  of  sediments,  followed  by  Sill  No.  3,  about 
600  feet  thick,  with  a  gabbro  zone  roughly  400  feet  thick,  grading 
into  a  granite  zone  of  200  feet  thickness.     This  is  followed  by  50 
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feet  of  sediments,  and  then  by  Sill  No.  4,  a  purely  gabbro  sill, 
150  feet  thick,  which  outcrops  right  on  the  ridge  of  the  hill. 
Sediments  succeed  it  for  50  feet,  and  then  comes  Sill  No.  5,  with 
an  approximate  thickness  of  350  feet,  having  a  granitic  centre, 
and  basic  upper  and  lower  contacts.  Owing  to  the  lack  of 
an  eight  or  twelve  pound  sledge  hammer,  and  to  the  exceed- 
ingly tough  nature  of  the  sills  it  was  quite  impossible  to  obtain 
proper  hand  specimens  of  good  fresh  rock. 

Petrogenesis. — It  has  been  generally  maintained  that  the 
granitic  phases  of  these  sills  are  due  in  part  at  least  to  dif- 
ferentiation in  the  injected  magma  according  to  specific  grav- 
ity, but  there  has  been  considerable  difference  of  opinion  as  to  how 
this  took  place.  One  theory  which  has  been  advanced  necessitates 
the  belief  that  the  acid  phase  of  the  sills  has  been  produced 
by  the  solution  of  the  surrounding  country  rock  and  subsequent 
differentiation.  R.  A.  Daly  is  a  strong  upholder  of  this  view. 
He  maintains  that  all  acid  igneous  bodies  have  been  formed  from 
a  uniform  fundamental  basic  magma,  by  a  process  which  he 
names  "magmatic  stoping".  In  this  manner  he  declares  that 
the  magma  stopes  off  blocks  of  the  intruded  rock  and  absorbs 
them.  Subsequently  a  differentiation  due  to  specific  gravity 
takes  place,  and  the  more  acidic  portion  rises  to  the  surface 
of  the  sill  or  laccolith,  as  the  case  m,ay  be.  This  theory  he  has 
applied  to  the  Moyie  sills  to  explain  the  occurrence  of  granite 
within  them.  There  are  however  very  considerable  difficulties 
arising  from  the  interpretation  of  the  phenomenon  in  accordance 
with  this  theory.  If  the  acidic  portions  of  the  sills  are  formed 
by  the  stoping  off  and  absorption  of  the  surrounding  quartzites, 
it  seems  difficult  to  explain  the  presence  of  sills  having  an  acid 
centre  and  basic  upper  and  lower  contacts.  Also  it  may  be 
demonstrated  that  the  heat  latent  in  a  sill  only  140  feet  thick,  as 
some  are,  is  utterly  inadequate  for  the  melting  and  absorbing 
of  quartzite  sufficient  to  form  the  acid  phase  in  the  sill.  Fur- 
thermore it  seems  difficult  to  reconcile  this  supposedly  great 
effect  of  the  sills  in  absorbing  rock  with  the  manifestly  small  exo- 
metamorphic  effect  which  they  produce.  Again,  it  is  found  that 
the  Purcell  sills  in  general  have  an  extremely  uniform  and  level 
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contact  with  the  sediments,  which  would  not  be  the  case,  if, 
as  he  supposes,  large  blocks  are  stoped  off  and  sink  into  the  liquid 
magma.  In  short,  so  many  difficult  questions  arise  that  it 
would  appear  as  if  the  theory  could  not  be  applied  advantageously 
to  these  sills  at  least,  even  if  it  holds  good  in  other  cases. 

What  would  seem  to  be  a  better  hypothesis  has  been  ad- 
vanced in  a  paper,  as  yet  unpublished,  by  J.  S.  Schofield  of  the 
Canadian  Geological  Survey.  He  postulates  the  presence  in 
the  earth  of  large  reservoirs  of  a  magma  which  was  originally 
probably  of  a  more  or  less  uniform  composition,  but  which  has 
been  separating  for  a  very  long  time  into  acidic  and  basic  zones 
by  differentiation  due  to  specific  gravity.  The  lighter  acidic 
portions  of  the  magma  would  collect  in  the  cracks  and  cavities 
at  the  top  of  the  chamber,  and  would  no  doubt  be  somewhat  modi- 
fied by  stoping  off  blocks  of  rock  and  absorbing  them.  Sub- 
sequently flows  have  taken  place  through  fissures  in  the  walls  of 
the  reservoir.  Thus  it  is  quite  possible  to  have  a  perfectly 
basic  or  acid  flow,  and  if  a  flow  from  the  upper  part  of  the  cham- 
ber should  mingle  with  one  from  the  lower  portion,  a  mixture  of 
acidic  and  basic  magma.  The  sills  thus  formed  would  be  sub- 
ject to  subsequent  differentiation  also  to  a  certain  extent,  and 
doubtless  a  certain  rearrangement  of  the  constituents  has  taken 
place. 

This  hypothesis  affords  an  explanation  of  the  presence  of 
granite  in  the  midst  of  a  sill.  For  if  a  flow  of  magma  of  moder- 
ate dimensions,  having  a  granite  interior  from  admixture  of 
basic  and  acidic  flows  is  injected,  the  surface  of  the  sill,  which  is 
basic,  will  be  rapidly  cooled  by  the  overlying  sediments  and 
become  viscuous,  thus  preventing  the  rising  of  the  lighter  acidic 
material  from  the  centre  to  the  top  of  the  sill  when  differentia- 
tion begins  to  the  place  within  the  sill. 

Economic  volume. — The  Purcell  sills,  besides  being  of  scien- 
tific interest  to  the  geologist,  are  also  of  very  great  importance 
to  the  mining  engineer  and  prospector,  since  it  is  in  connection 
with  these  igneous  bodies  that  nearly  all  the  mineralisation 
has  taken  place  in  the  Aldridge  formation,  the  only  one  which  has 
been  found  to  be  of  economic  value  in  the  series.     In  fact,  so 


The  Moyie  Sills — Bailey 


607 


much  is  this  the  case,  that  in  some  instances  the  copper  deposits 
with  which  the  formation  abounds  are  found  only  in  the  sills, 
and  cannot  be  traced  in  the  surrounding  quartzites. 

In  the  character  of  the  deposits  of  economic  minerals  in 
relation  to  these  intrusive  masses,  the  district  is  strikingly  like 
that  surrounding  the  mining  camps  of  Sudbury  and  Cobalt. 
Since,  it  is  generally  supposed  that  at  Sudbury  the  valuable  ores 
have  sunk  in  the  course  of  differentiation  to  the  bottom  of  a  large 
igneous  mass  in  which  they  occur. 
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THE  IRON  ORE  WASHING  PLANT  OF  THE  CANADA 
IRON  CORPORATION   LIMITED.* 

By  C.  S.  Parsons,  School  of  Mining,  Kingston,  Ont. 

The  Torbrook  iron  mines  are  situated  in  the  eastern  part 
of  the  County  of  Annapolis,  Nova  Scotia,  south  of  the  Annapolis 
river  and  on  the  slope  of  the  South  Mountain.  The  distance 
from  the  present  workings  to  Nictaux  station  on  the  Halifax 
and  South  Western  Railway  is  4  miles,  and  to  the  town  of 
Middleton  6  miles.  The  total  area  of  the  productive  field 
is  about  15  square  miles.  The  Canada  Iron  Corporation  owns  and 
controls  the  greater  part  of  this  field  and  as  the  ore  deposits 
are  held  with  the  land  no  royalties  are  paid.  From  Nictaux 
Station  the  mines  are  connected  by  a  spur  line  operated  by  the 
Halifax  &  South  Western  Railway,  by  which  the  ore  is  trans- 
ported directly  to  the  loading  docks  at  Port  Wade,  a  distance 
of  45  miles.  This  district,  known  as  the  Torbrook-Nictaux 
basin,  is  an  orchard  and  agricultural  country. 

The  ore  outcrops  on  both  sides  of  the  valley  which  is  formed 
by  the  Torbrook  river.  Two  veins,  known  as  the  "shell"  and 
"hematite",  outcrop  on  the  north  side  of  the  valley.  The  strike 
of  the  outcrop  is  approximately  east  and  west  and  can  be  traced 
for  over  15,000  feet.  The  two  veins  are  worked  from  the  one 
shaft  by  means  of  cross  tunnels  from  the  various  levels.  The 
present  shaft  is  situated  on  the  Martin  farm  about  two  miles 
east  of  the  Nictaux  river.  The  shaft  is  sunk  on  the  "hematite" 
vein.  The  width  of  the  vein  at  this  point  is  six  feet,  the  angle 
of  dip  is  78  degrees.  The  "shell"  vein  is  thence  distant  90  feet 
to  the  south,  and  is  seven  feet  wide. 

The  ore  treated  in  the  mill  is  a  mixture  from  the  "shell" 
and  "hematite"  veins.  The  ore  from  the  "shell"  vein  is  a 
hard  compact  hematite,  is  siliceous  and  contains  from  five  to 
six  per  cent,  of  lime.  There  is  also  a  small  percentage  of  magne- 
tite, the  proportion  of  magnetite  to  hematite  being  approximately 
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1  to  15.  It  is  probable  that  some  iron  carbonate  (FeO  CO2) 
is  also  present.  The  ore  from  the  hematite  vein  has  much  the 
same  physical  properties  as  the  "shell"  ore  and  is  a  mixture  of 
finely  crystalline  hematite  and  magnetite  the  proportions  of  which 
vary  at  different  places  in  the  vein.  Both  ores  contain  a  high 
percentage  of  phosphorous  or  about  1.5%. 

The  following  are  typical  analyses  of  these  ores: — 


Shell  Ore 


Hematite 


Fe..  . 

Si02 

AI2O3 
CaO. 
MgO. 
P...  . 
S..  .. 


46.21 

19.33 

5.22 

3.08 

.50 

1.16 

.004 


47.8 

22.2  insoluble 

'i;3 

2 
l'5 
.02 


Sample 

Fe         SiOo 

P 

Mn 

S 

AI2O3 

CaO 

MgO 

Crude  ore 

Washed  ore 

Washed  ore 

Tailing 

46.00  i   19.20 
.53.10      10. 52 
51. .50  j  12.99 
25  10  1 

1.5 

1.27 

1..39 

'^is' 

.19 

.007 
.021 
.026 

4.80 
3.80 
3.83 

3.22 
3.82 
3.97 

.82 
.75 
.81 

1             1 

The  average  run  of  mine  ore  treated  in  the  mill  is  44  to  46 
per  cent,  metallic  iron.  This  is  raised  to  a  product  containing 
51  to  53  per  cent.  iron.  There  is  a  reduction  in  the  silica  and  alu- 
mina. It  is  rather  peculiar  that  the  percentage  of  phosphorous 
is  lower  in  the  washed  ore  than  in  the  crude.  This  would  indicate 
that  the  phosphorous  is  associated  with  the  gangue,  probably 
in  the  form  of  calcium  phosphate  and  not  as  apatite. 

The  mill  has  a  rated  capacity  of  50  tons  per  hour.  The  run- 
of-mine  averaging  44  to  46  per  cent.  Fe  as  mentioned  above, 
is  washed  to  a  product  containing  51  to  53  per  cent.  Fe  with  a 
discard  of  from  25  to  28  per  cent.  The  method  of  keeping  the 
costs  of  the  daily  operation  is  shown  by  the  accompanying 
sheet.  The  flow  sheet  shows  clearly  the  passage  of  the  ore 
through  the  mill. 
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Daily  Concentrator  Cost  Sheet. 


No. 
Men 


Amount 


Cost  per 
Ton   Con- 
centrate 


Operating  mill 
Coarse  crushing 
Sampling .... 

Feeders 

Loading  and  un- 
loading  

Power 

Superintendence 

Repairs 

Miscellaneous.  . 

Supplies 

Stores 

Fuel  (one-third 


6.80 
1.83 

2.86 
O.SO 

5.26 
5.31 
7.69 


.0216 
.0058 
.0091 
.0026 

.0617 
.0168 
.0244 


Tons  ore  received 

"  treated 502 

"     concentrate 377 

"     tailing 125 

"     concentrate  shipped  ..  .   255 
"     tailing. 

Analysis 
Concentrate,  53.10    Fe  10.52  SiO 
Tailing 25.10    Fe. 


cost) 


.0323 


Total $.13  per  ton 


Remarks: 

Time  of  operation,  8  hrs.  10  min. 
Repairs  about  4  cents  per  ton. 

The  ore  is  dry  crushed  to  2  in.  size,  then  separated  by  a  set 
of  four  trommels  into  five  different  sizes;  each  size  is  treated 
separately  on  primary  jigs  of  special  design.  The  tailing  from 
these  primary  jigs  is  re-treated  without  re-crushing  on  secondary 
jigs  which  produce  a  final  product  and  tailing,  the  tailing  being 
discarded. 

The  ore  is  crushed  to  pass  a  2|-in.  ring  at  the  mines,  and  is 
loaded  into  30-ton  hopper  bottom  cars  and  transported  to  the 
mill,  which  is  placed  on  the  spur  line. 

The  track  arrangement  at  the  mill  is  such  that  all  loaded 
cars  gravitate  towards  the  unloading  pit ;  the  empty  cars  thence 
gravitate  to  a  point  under  a  loading  pocket,  filled  with  washed 
ore,  and  are  made  up  into  a  train  without  any  shunting.  The 
unloading  pocket  is  of  concrete  22  feet  long,  11  feet  wide,  9  feet 
deep  with  12-inch  walls.  The  bottom  slopes  from  three  sides 
to  the  inner  wall  through  which  there  is  a  2-foot  opening,  which 
allows  the  ore  to  pass  and  be  fed  by  a  revolving  feeder  into  an 
elevator.  The  depth  of  the  elevator  pit  is  20  ft.  6  in.;  the  walls 
have  a  batter  of  1  in  12.     The  elevator  is  of  the  continuous  steel 
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bucket  type,  supported  on  a  wooden  frame,  and  is  50  feet  between 
sprocket  centres.  It  feeds  into  a  large  bull  screen  placed  in 
the  roof  of  the  crusher-building.  The  screen  is  48  in.  diameter 
and  72  in.  long.  The  undersize  from  the  screen,  which  will  pass 
a  2  in.  ring,  is  fed  directly  into  an  elevator.  The  oversize  feeds 
to  a  24  in.  by  12  in.  New  Century  Blake  crusher  and  is  crushed 
to  pass  a  2  in.  ring.  The  crusher  product  goes  to  the  same  eleva- 
tor as  the  undersize  and  with  it  is  elevated  to  a  120  ton  storage 
pocket.  This  pocket  serves  two  purposes,  first  as  a  storage 
bin  in  case  of  delay  of  cars  from  the  mines,  and  second  to  supply  a 
uniform  feed  to  the  mill.  This  pocket  is  made  of  10  in.  by  10  in. 
spruce  timber  with  a  floor  of  45  degree  slope  towards  the  mill. 
The  ore  is  fed  by  a  revolving  drum  feeder  into  a  steel  bucket 
elevator  supported  on  a  timber  frame,  the  sprockets  of  which  are 
53  feet  between  centres.  It  is  discharged  from  the  elevator 
into  a  four  trommel  system,  and  is  classified  into  oversize  prod- 
ucts from  If  in.,  f  in.,  ^  in.,  j  in.  screens  and  an  undersize  from 
i  in.  screens. 

The  trommels  are  of  different  sizes: — the  If  in.  trommel 
is  48  in.  by  48  in.,  the  f  in.,  |  in.  and  j  in.  trommels  are  48  in. 
by  72  inches.  They  are  all  made  of  circular  punched  steel  plate. 
Each  trommel  is  driven  separately  from  a  common  line  of  shafting 
in  the  mill.  They  make  20  r.p.m.  and  revolve  on  an  axle  running 
through  their  centre.  They  are  partly  housed  in  by  a  wooden 
trough.  The  fresh  water  supply,  300  gallons  per  minute,  is  fed 
into  the  trommel  system  and  allowed  to  find  its  way  to  the  differ- 
ent jigs  with  the  ore. 

The  oversize  from  the  If  in.  trommel  is  carried  by  a  trough 
chute  to  a  double  compartment  jig,  each  compartment  of  which 
works  separately  from  the  other;  that  is,  half  the  product  is 
treated  in  one  compartment  and  half  in  the  other.  The  construc- 
tion of  these  jigs  is  somewhat  complicated.  They  are  14  feet 
long,  14  feet  wide  and  10  feet  deep,  and  are  divided  into  two  jig- 
ging compartments  between  which  is  a  third  compartment  in 
which  the  final  product  elevator  operates.  The  screens  are  sup- 
ported  on  grate  bars  which   run    horizontally  across  the  jig. 
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The  screen  is  60  in.  by  60  in.  and  has  ^  in.  perforations.  The 
plunger  is  54  inches  in  diameter  and  works  in  a  cast  iron  cyHnder. 
This  cylinder  is  fitted  with  four  8  in.  by  10  in.  inlet  water  valves. 
The  plunger  is  driven  by  an  eccentric  which  is  capable  of  adjust- 
ment. A  4|  in.  stroke  at  100  r.p.m.  has  been  found  to  be  the 
best  for  working  on  2-in.  material.  The  final  product  is  taken 
from  the  bottom  of  the  ore  bed  by  a  revolving  draw-off  valve 
which  is  capable  of  wide  adjustment.  This  product  passes 
down  a  45  degree  slope  from  both  compartments  to  the  centre 
one  in  which  the  final  product  elevator  works. 

The  elevator  de-waters  and  elevates  the  final  product  to 
a  chute  which  carries  it  to  a  conveyor.  The  hutch  product 
is  carried  by  the  water  circulation  in  the  jig  to  the  final  product 
elevator.  The  tailing  from  the  two  compartments  passes  over 
a  lip  plate  into  a  trough  along  the  front  of  the  jig  and  is  partially 
de-watered  on  perforated  plates.  It  then  passes  down  a  chute 
to  one  compartment  of  a  similar  jig  where  it  is  re-treated.  The 
jig  is  mechanically  operated  and  requires  very  little  attention 
once  it  has  been  adjusted. 

The  oversize  produced  from  the  |  in.  trommel  passes  to  a 
two  compartment  bull  jig  of  the  same  type  and  size  as  described 
above.  The  feed  is  split  in  two,  and  treated  separately  on  two 
beds.  A  I  in.  screen  is  used  and  a  3  in.  stroke  at  100  r.p.m. 
is  employed.  This  jig  will  in  future  be  referred  to  as  Xo.  14 
and  15.  (See  flow  sheet).  The  tailing  from  both  sides  of  this 
jig  is  re-treated  in  the  second  compartment  of  the  re-treatment 
jig  referred  to  above.  The  final  product  is  elevated  from  a  cen- 
tral compartment  to  a  chute  which  delivers  it  to  a  conveyor  which 
gathers  all  the  final  product  from  the  mill. 

The  re-treatment  jig  treats  the  two  different  sized  products 
on  separate  beds  and  the  final  product  is  combined  and  elevated 
together  to  the  final  product  conveyor.  The  tailing  is  de-watered 
by  passing  over  perforated  plates,  and  carried  by  a  chute  to  the 
tailing  conveyor.  A  ^  in.  screen  is  used  in  the  compartment  of 
No.  16  jig  treating  the  tailing  from  the  first  set  of  jigs.  The 
second  compartment  (No.  17  jig)  which  treats  the  tailing  from  jig 
No.  14  and  15  has  a  f  in.  screen.  The  oversize  from  the  |  in.  and 
J  in.  trommels  is  treated  on  separate  compartments  of  another 
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large  bull  jig  like  the  previous  ones.  The  size  of  screen  used 
in  compartment  No.  18  for  treating  the  ^  in.  product  is  j  inch. 
A  J  in.  screen  is  used  on  the  other  compartment  No.  19.  The 
tailing  from  compartment  No.  18,  that  is,  the  compartment 
which  treats  the  oversize  from  the  |  in.  trommel,  is  re-treated 
on  a  one  compartment  jig,  similar  in  type  and  operation  to  the 
double  compartment  jigs.  The  tailing  from  the  other  compart- 
ment passes  to  a  three  compartment  jig  of  the  Hartz  type. 

The  feed  to  all  the  above  mentioned  jigs,  is  dropped  to  the 
back  end  of  the  screen;  the  buckets  on  the  elevators  of  these  jigs 
are  16  in.  by  11  in.  by  10  in.  made  of  steel,  riveted  to  a  No. 
Ill  Hercules  chain. 

The  three  compartment  Hartz  jig,  for  re-treatment  of  tailing, 
from  No.  19  jig  has  sieve  beds  30  in.  by  42  in.  and  runs  at  180 
r.p.m.  Six  mesh  screens  are  used.  The  following  strokes  are 
employed:  2  in.  on  first  compartment,  1|  in.  and  1  in.  respect- 
ively on  the  other  two.  The  final  product  is  drawn  off  the  bottom 
of  the  first  two  beds,  by  an  adjustable  valve.  The  final  product 
from  the  last  compartment  is  sluiced  either  to  a  return  elevator, 
which  elevates  it  to  the  last  trommel  or  to  the  tailing  conveyor, 
depending  on  its  quality.  The  hutch  product  from  the  first 
two  compartments  is  also  saved  as  a  final  product,  that  of  the 
last  compartment  is  returned  to  the  last  trommel.  The  tailing 
is  sluiced  to  an  elevator  pit,  where  it  is  de-watered  and  elevated 
to  the  tailing  conveyor.  The  final  product  is  de-watered  and 
elevated  to  the  final  product  conveyor. 

The  product  from  the  undersize  of  the  j  in.  trommel  is  treat- 
ed on  a  four  compartment  Hartz  jig.  The  sieve  beds  are  30 
in.  by  42  in.  The  strokes  for  the  different  compartments  are 
as  follows:  first,  1  inch;  second,  f  in.;  third,  ^  in.,  and  the  last 
f  in.  This  jig  runs  at  125  r.p.m.  A  final  product  is  drawn  off 
the  bed  also  from  the  hutch  of  the  first  three  compartments. 
That  of  the  last  compartment  is  returned  to  the  last  trommel 
for  retreatment  as  in  the  three  compartment  Hartz.  The  final 
product  goes  to  the  same  elevator  as  the  product  of  the  three 
compartment  Hartz  and  the  tailing  to  the  same  elevator  as  before. 
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The  entire  final  product  of  washed  ore  is  carried  by  a  16  in. 
rubber  belt  conv^eyor  to  a  oO-ton  loading  pocket.  The  tailing 
is  carried  by  a  14  in.  belt  conveyor  to  a  tailing  dump,  or  to  a 
tailing  loading  pocket  at  the  rear  of  the  mill.  All  the  conveyors 
are  completely  housed  in.  The  tailing  is  marketed  for  road 
material  or  concrete. 

The  water  is  kept  in  continuous  circulation  by  an  8  in.  cen- 
trifugal pump  in  the  basement  of  the  mill.  Three  hundred 
gallons  a  minute  of  fresh  water  is  supplied  to  the  mill  to  make 
up  for  waste.  Two  thousand  gallons  a  minute  are  drawn  from 
the  settling  tanks  in  the  basement.  The  return  water  from  the 
mill  before  passing  to  the  settling  tanks  goes  through  Spitzkastens 
where  the  sludge  or  settling  is  drawn  off  through  valves  in  the 
bottom. 

One  may  say  with  safety  that  the  essential  point  in  design- 
ing such  a  mill  as  this,  is  to  provide  that  all  compartments 
are  made  much  stronger  than  ordinary  conditions  would  seem  to 
require. 

Sample  Jig  Analysis. 

The  best  results  are  obtained  from  1  in.  and  lesser  material. 
The  final  product  of  No.  20  or  re-treatment  from  the  j  in. 
trommel  is  low  in  iron,  but  the  tailing  is  correspondingly  low, 
showing  that  a  good  product  is  obtainable  from  a  low  grade 
of  feed.  This  concentrate  will  lower  the  grade  of  the  product 
from  the  mill  considerably,  but  it  will  save  a  large  percentage 
from  being  discarded  altogether. 

The  mill  is  operated  by  electric  motors,  power  being  supplied 
either  from  a  water  power  plant  on  the  Nictaux  River  or  from  a 
steam  plant  at  Torbrook  Mines.  A  concrete  dam  was  built 
across  the  Nictaux  River  just  above  the  Falls.  A  wooden  flume 
5  feet  by  5  feet,  and  420  feet  long  carries  the  water  to  the  power 
house.  A  25-inch  horizontal  Jenckes  water  wheel  with  18  ft. 
draft  tube  and  developing  188  h.p.  under  a  28  ft.head  taking 
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4930  cubic  feet  of  water  per  minute,  is  installed.  A  Woodward 
"  D  "  governor  is  used  to  regulate  the  speed.  The  electric  motor 
for  the  mill  is  generated  by  a  150  K.V.A.  Canadian  General  Elec- 
tric Go's,  generator  60  cycle  three  phase,  2300  volts,  running  at 
900  r.p.m.  excited  by  a  K.W.  125  volt  exciter.  A  4-in.  single 
stage  McDougall  turbine  pump  300,  gallons  per  minute  at  1100 
r.p.m.,  is  installed  for  supplying  the  fresh  water  to  the  mill  through 
a  6  in.  cast  iron  pipe,  1500  feet  long.  The  plant  at  Torbrook 
Mines  consists  of  an  18  by  20  Robb  engine  belted  to  a  250  K.V.A. 
generator.  A  three  phase  current  at  2300  volts  is  transmitted 
by  a  bare  aluminium  cable  to  the  mill,  a  distance  of  2^  miles. 
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Mill  and  Loading  Pocket. 


Mill,  Crushing  House  and  Ore  Pocket. 


Xictaux  Falls,  with  concrete  dam  in  background. 


Power  House 


THE  WEATHERING   OF   COAL.* 

By  E.  E.  BiLLiNGTOX,  McGill  University,  Montreal. 

In  the  hope  of  adding  a  little  more  data  for  consideration 
in  connection  with  the  subject  of  the  weathering  of  coal,  six 
samples  were  obtained  from  the  Government  Museum  at  Ottawa. 
These  samples  were  last  analyzed  by  Hoffmann  in  1883.  He 
determined  his  calorific  values  by  means  of  a  Thompson  calori- 
meter. The  actual  instrument  used  by  HofTmann  was  obtained 
for  comparison  with  the  Mahler  bomb  calorimeter  employed 
in  the  recent  determinations. 

Locality. 

Sample  No. 

1       Wellington  Mine,  Vancouver  Is.     Newcastle  seam. 
2^     Belly  river,  main  seam  at  coal  banks. 

3  Old  Man  river,  middle  fork,  upper  seam. 

4  Old  Man  river,  middle  fork,  lower  seam. 

5  Upper  Belly  river,  twenty  five  and  a  half  miles  above  the 

mouth  of  the  Kootanay  (Waterton)  river. 

6  From  Mill  creek,  four  miles  above  the  mill. 

Samples  were  taken  representative  of  each  coal  in  the 
Museum,  part  lump  and  part  fine.  Each  sample  was  ground 
to  pass  a  100-mesh  screen,  and  calorific  value,  proximate  and 
ultimate  analyses  made  in  duplicate  on  the  finely  ground 
material . 

The  methods  of  analysis  were  similar  'to  those  used  in  the 
recent  coal  tests  at  McGill  University,  Montreal. 

Moisture  was  determined  by  the  method  recommended  in 
"Coals  of  Canada,  an  Economic  Investigation"  (Vol.  II,  p.  133.) 

Fixed  carbon  and  volatile  matter: — The  method  used  was 
identical  with  that  described  in  the  above  work  (Vol.  II,  p.  134), 
excepting  that  porcelain  and  not  platinum  crucibles  were  em 
ployed. 

*  Students'  Competition,  1913.     Awarded  Honourable  Mencion. 
^  Probably  from  Sheran  mine. 

No.  5  was  a  thin  seam. 

Nos.  3,  4  and  5  were  probably  outcrop  samples. 
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Carbon  and  hydrogen  were  determined  as  recommended 
in  the  above  work  (Vol.  II,  p.  136).  The  trains  used  were: 
Drying  train — H25O4.  KOH.  Soda  lime  and  CaCl2.  H2SO4. 
Absorption  train — H2SO4.  KOH-  CaCl2.  H2SO4,  and  another 
vessel  for  safety  containing  H2SO4. 

Sulphur: — Determined  by  Eschka's  method  as  recommended 
in  "Coals  of  Canada"  (Vol.  II,  p.  140). 

Nitrogen: — Determined  by  Kjeldahl's  method  as  recom- 
mended in  "Coals  of  Canada"  (Vol.  II,  p.  143),  excepting  that 
the  only  oxidising  agent  used  was  cone:  H2SO4  with  10  gms. 
of  solid  K2SO4  added  to  raise  the  temperature  at  the  end  of 
the  first  heating. 

Calorific  values:  by  the  Mahler-Berthelot  method  described 
by  B.  H.  Thwaite  in  the  Journal  of  the  Iron  and  Steel  Institute 
(1892,  p.  189),  and  also  in  "Coals  of  Canada"  (Vol.  II,  p.  148). 

Instead  of  noting  temperatures  by  means  of  a  Beckmann 
thermometer,  it  was  found  convenient  to  employ  one  graduated 
to  0-02°C  and  readings  were  taken  by  means  of  a  telescope. 

The  calculations  were  made  as  in  "  Coals  of  Canada"  (Vol. 
II,  p.  153-154). 

The  water  equivalent  of  the  calorimeter  was  determined 
by  carefully  making  experiments  with  a  coal  which  had  been 
previously  tested  in  connection  with  the  chemical  work  for  the 
Coal  Report  referred  to  above. 

Sketches  of  the  two  calorimeters — namely,  the  Thompson 
and  the  Mahler  bomb — are  presented  herewith.  Two  deter- 
minations were  made  with  the  Thompson  calorimeter,  and  its 
results  were  found  to  check  as  nearly  as  could  be  expected  with 
those  of  the  Mahler  bomb. 

The  results  obtained  in  1883  and  1912  are  doubtless  compara- 
ble, but  they  do  not  admit  of  accurate  analysis. 

The  method  of  calculation  of  calorific  values  from  Thomp- 
son calorimeter  determinations  was  as  follows: — 

(^^+^^-w^  =  C.V. 
2 

W^  weight  of  water  in  gms. 

w  =  weight  of  water  equivalent  to  the  copper  parts. 
t  ^observed  rise  of  tempeiature. 

w^=  theoretical  heat  evolved  by  the  combustion  mixture. 
C.V.^  calorific  values. 
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Thompson  Calorimeter. 

A  =  Glass  vessel. 

B  =  Cylinder  containing  the  charge. 

C  =  Stand  for  B. 

D  =  Cylinder  of  copper  which  fits  over  C  and  B. 

S  =  Srop-cock  to  enable  D  to  be  filled  with  water. 


Parr  Berthelot  Calorimeter. 


A  =  Bomb. 

B  =  Stirring  device. 

C=Outer  water  jacket. 


D^Air  space. 

E  =  Copper  vessel  containing  bomb 
stirrer  and  water  to  be  heated. 
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Calorific  Values  calculated  to  B.T.U.  per  Lb.  of  Actual 
Table  II. — Coal. 


Coal  No. 

( 
C.V. 
Hoffman 

C.V. 

1912 

Decrease 

1 

14386 
1.3059 
14310 
14546 
14243       ! 
13993       ! 

13584 
12167 
14178 
14279 
1.3741 
13905 

5  59 

2 

6.90 

3 

0.90 

4 

1  80 

5 

1       3  50 

6                                

!       0  60 

Table  II.  shows  a  percentage  decrease  in  calorific  values 
var>'ing  from  7%  down  to  0.5%.  The  effect  of  sulphur,  ash 
and  moisture  was  calculated  and  allowed  for,  so  that  the 
decrease  must  be  from  the  heat-giving  constituents  C  and  H. 

The  above  proximate  analyses  are  of  no  use  for  comparison. 
In  the  ultimate  analyses  C. H.O.N,  and  O  +  N  are  comparable.* 
Table  hi. — Calculated  Ash,  S.  and  H2O  free. 


Coa! 
No. 

C 

% 

H 

% 

0 

% 

N 
% 

De- 
crease 

c% 

In- 
crease 
0% 

Avail- 
able 
H 

De- 
crease 
H% 

■(1883).... 
1 

(1912)  ... 

80.48 
78.10 

5.81 
5.22 

12.77 
15.39 

1.35 
1.19 

2.96 

20.56 

4.38 
3.50 

20.08 

(1883).... 
2 

(1912)  .  . . 

76.53 
70.70 

5.48 
5.30 

16.63 

22.25 

1.72 
1.67 

7.72 

33.80 

3.62 
2.81 

22.37 

(1883). . . . 
3 

(1912) .  . . 

78.40 
77.00 

5.46 
5.96 

14.47 
15.47 

1.73 
1.90 

1.79 

6.92 

3.84 
4.23 

-10.16 

(1883). . . . 
4 

(1912)  .  .  . 

81.00 
78.65 

5.74 
5.58 

11.56 
13.88 

1.71 
1.78 

2.90 

20.10 

4.45 
4.33 

2.70 

(1883).... 
5 

(1912)  . . . 

80.10 
77.00 

5.36 
4.34 

12.72 
17.04 

1.76 
1.70 

3.87 

33.98 

3.94 
2.43 

38.35 

(1883).... 
(1912)  .  . . 

83.52 
80.99 

4.74 
4.16 

11.60 
13.89 

1.02 
0.97 

3.03 

19.77 

3.44 
2.61 

24.16 

*NOTE. — Hoffman  quoted  his  oxygen  and  nitrogen  together,  so  that  for 
purposes  of  calculation  the  X  content  of  the  coals  has  been  assumed  to  have 
remained  unchanged. 
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Coal  Locality. 

No.  7.  Tunnel  seam  outcrop  half  mile  south  of  tunnel,  taken  in 

1910. 
No.  8.  Jasper   Park   colliery   tunnel    seam,   sample   from  shaft 

bottom,  30  feet  from  surface.     Taken  1910. 
No.  9.  Jasper  Park  colliery  tunnel  seam,  1900  ft.  in  main  tunnel. 

Sample  taken  across  the  seam.     26  Sept.,  1911. 
These  samples  were  taken  to  afford  a  comparison  between 
weathered  outcrop  coal  and  fresh  coal. 

Table  IV. 
Proximate    Analysis. 


Coal 
No. 

H2O 

% 

V.M. 

% 

F.C. 

% 

Ash 

% 

B.T.U. 
per  lb. 
of  coal 

7            

5.57 
0.68 
0.39 

18.80 
16.25 
13.72 

48.32 
78.27 
67.04 

27.31 

4.80 

18.85 

14508 

8 

14465 

9 

12447 

Table  v. 
Ultimate  Analysis. 


Coal 

No. 

C 

% 

H 

% 

0 

% 

N 
/o 

S 

% 

Ash 

% 

H  0 

% 

B.T.U. 

calc.  per 

lb.  actual 

coal 

7       

50.26 
83.84 
72.03 

2.56 
4.77 
3.81 

13.09 
4.06 
3.13 

0.86 
1.20 
1.11 

0.35 
0.65 
0.68 

27.31 

4.80 

18.85 

5.57 
0.68 
0.39 

12414 

8 

15390 

9 

15735 

Table  vi. 
(Calculated  Ash,  H2O  and  S.  free.) 


Coal 
No. 

C 

% 

H 

% 

0 

% 

N 
% 

Available 
H% 

7                    

75.40 
89.37 
89.90 

3.84 
5.08 
4.75 

19.61 
4.32 
3.90 

1.29 
1.28 
1.39 

1.65 

8 

4.60 

9. 

4.31 
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Considering  Table  VI.,  carbon  is  seen  to  decrease  with 
weathering,  whereas  oxygen  increases  enormously.  The  nitrogen 
values  remain  fairly  constant,  so  that  when  it  was  assumed  in 
Table  I  that  the  N  in  1883  was  the  same  as  that  found  in  1912, 
no  great  error  was  introduced. 

The  behaviour  of  the  available  hydrogen  in  this  table  is 
peculiar,  but  8  and  9  have  nearly  equal  values  and  are  taken 
from  the  seam  at  places  some  distance  apart. 
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Menzies,  J.  F.  (cont.) : — 

\'ote  of  thanks  to 449 

Min.  ref 75 

Merrill  Metallurgical  Company.  .161 
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jVine    Rescue    .ipparatus    and 
the  Value  of  Aline  Rescue 
Work:   Aspix.\LL  and  Mil- 
ler  452-464 

Mine  rescue   work,  see  Rescue 

Work. 
Mine   sampling,   see   Sampling. 
Mineral  pigments — 

Canadian  exports,    1912 41 

Mineral  production — 

British  Columbia,  to  1912...   577 
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